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THE studies of Osler,” Horder,* Libman,® Blumer,! Levine® and 
Gross and Fried,? among others, have contributed greatly to the 
knowledge of subacute bacterial endocarditis. Largely through 
their efforts a pathologic curiosity among cardiac affections has 
become a clinicalcommonplace. Usage has apparently fixed Libman’s 
designation, but the current trend toward etiologic terms would 
recommend S. viridans endocarditis lenta in its stead. The literature 
on the subject is extensive and comprehensive. Reviews such as 
those of Blumer' and Levine’ have thoroughly analyzed the develop- 
ments in the subject from time to time and in the present communi- 
cation it is purposed to present and digest simply the clinical and 
pathologic features of 88 instances of the disease that have occurred 
in the Wisconsin General Hospital. 

In Table 1 the age and the sex incidence of the group are shown. 

The male sex predominates in the ratio of 5:3. A divergence in the 
incidence does not appear until the fourth decade, from which period 


the male predominance becomes striking (almost 3:1). It is fur- 
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thermore interesting to note that 60 of 88 subjects (68.1%) were 
between 11 and 40 years old. The range of ages is quite wide and 
no decade up to the ninth escaped in this series. The available 
evidence supports the thesis of a prepared field in the valves for 
the secondary implantation of a bacterial invader from the focus of 
infection. Rheumatic valvulitis and congenital cardiac lesions have 
been accepted as the most common precursors of this form of endo- 
carditis. In the light of this position an analysis of Table 2 is 
particularly illuminating. 


TABLE 1.—AGE AND Sex INCIDENCE. 


Age. Males. Females, Total. 

1-10 . 1 1 2 
11-20 9 9 18 
21-30 13 12 25 
31-40 13 4 17 
41—50 5 4 yg 
51-60 9 l 10 
61-70 2 2 4 
71-80 . 3 3 


TABLE 2.—ANTECEDENT History or DIsEase. 


No. %. 

Rheumatic fever, alone . . . ..... . 86 40.9 
Rheumatic fever and tonsillitis . . . . . . . 6 6.8 
Rheumatic fever and chorea 1 
Rheumatic fever and scarlet fever . . . . . . 1 
11.3 
Tonsillitis and scarlet fever . . . . ... 

Total—rheumatic chain 72 81.6 
Congenital cardiac lesions Ya 4 4.5 
Hypertensive cardiovascular disease 1 1.1 
Pneumonia (type?) 1 1.1 


As anticipated, the past history of diseases of the rheumatic chain 
dominates this phase of the picture; but even forewarned, an inci- 
dence of 81.6% exceeded the expectancy. Among the diseases of 
this group rheumatic fever itself held first place (40.9%) and scarlet 
fever a poor second (15.9%). A clear-cut history of congenital 
heart disease was afforded by only 4 (4.5%) of these patients. Onl) 
the isolated instance of syphilis among the remaining suspected 
predisposing factors should be stressed. 

Precipitating factors to the actual inception of S. viridans endo- 
carditis lenta could be fixed in only a minority of instances. In 
9 patients (10.2%) an acute upper respiratory infection had seemed to 
initiate the disease; but the constitutional symptoms of the endo- 
carditis may readily mislead in this direction. In 6 subjects (6.8%) 
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there was apparently a direct continuity of an acute episode of 
rheumatic fever with the attack of endocarditis lenta. In none of 
these instances were the rheumatic manifestations suggestive of 
the embolic features of the latter condition. Dental extractions 
were exciting causes 5 times (5.6%). In one of these patients the 
constitutional symptoms appeared the day after the extraction of 
a tooth and embolic phenomena were delayed only a few days. 
Non-specific prostatitis under treatment by massage was twice 
indicted. Infected abortion likewise apparently initiated the con- 
dition in 2 patients. S. viridans endocarditis lenta appeared as a 
terminal complication in 6 instances (polycystic disease of the kid- 
neys, 1; Paget’s disease, 1; benign prostatic hypertrophy with acute 
retention, 1; cancer, 3). In two postmortems early cancers of the 
lung and colon were disclosed. 

Contrary to the prevailing opinion S. viridans endocarditis lenta 
occurred 5 times (5.6%) in patients suffering from recurrent con *s- 
tive failure (see Case 1). 

Case Reports. Case 1.—-M. O., white male, aged 45, had been admitted 
to the hospital twice in the preceding 4 years in episodes of congestive failure 
on the background of rheumatic heart disease with cardiac hypertrophy 
and dilatation, mitral stenosis and regurgitation and auricular fibrillation. 
On the third admission, the patient presented the characteristic findings 
of congestive failure with general anasarca. There was added, however, the 
experience of chills and general malaise. During the hospital stay of 10 
days the temperature ranged from 96° to 104.8° F. The cardiac findings 
had undergone no perceptible change. The cardiac enlargement, absolute 
arrhythmia, and the mitral systolic murmur persisted. There was a positive 
centrifugal venous pulse and general anasarca. The systolic blood pressure 
was 98. Blood culture confirmed the diagnosis of S. viridans endocarditis 
lenta. 

The patient died in congestive failure and at necropsy characteristic 
vegetations were found on the aortic valve. There was also thickening of 
the mitral valve, early atrophic cirrhosis of the liver with chronic hepatitis, 
cholecystitis and chronic passive congestion of all viscera. 


Unusual instances of remote but indubitable portals of infectious 
entry may arise as in Case 2, where an empyema served as such. 
Unfortunately, the etiology of the pneumonia was not fixed before 
admission. 


Case 2.—I. G., white female, aged 63, suffered from an empyema com- 
plicating pneumonia which antedated the admission by 3 weeks. Her chief 
complaint upon admission was dyspnea; but chills and fever had continued 
subsequent to the acute episode of pneumonia. Pain in the left side aggra- 
vated by coughing and deep breathing had been pronounced during the 
2 weeks preceding admission. Increasing dyspnea had been observed for 
2 days. Exploratory thoracentesis had detected the presence of pus in the 
left pleural cavity. A weight loss of 18 pounds had been noted. No history 
of rheumatic fever was elicited. The physical examination established signs 
of fluid in the left pleural cavity. 

A moderate hypochromic anemia was established, the lowest level 
being 50% hemoglobin with 3,240,000 erythrocytes. At this time a leuko- 
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cytosis of 14,650 with 81°% neutrophils was registered. Cultures of the 
empyema fluid revealed streptococci; and blood culture, S. viridans. Death 
resulted from hemorrhage through the thoracotomy wound of drainage of 
the empyema. At necropsy, characteristic vegetations of endocarditis 
lenta were found on the mitral leaflets and there was an isolated abscess in 
the heart muscle. The pericardium contained Aschoff-like cells and there 
was an acute embolic glomerulonephritis. 


The inception of S. viridans endocarditis lenta is notoriously incon- 
stant. In this series, the onset was insidious in 55 (62.5%) and pre- 
cipitous in 24 (27.2%). In the remaining 9 instances (10.2%) no 
clinical clue to the underlying infectious process was afforded by the 
clinical history or the physical findings. The common constitutional 
symptoms are listed in Table 3. 


TABLE 3.—CONSTITUTIONAL SYMPTOMS. 


No. %. 
Weakness ‘ 54 61.4 
Fever 43 48.8 
Weight loss 40 15.5 
Chills. 36 10.9 
Sweats oe 34 38.6 
Headache 27 30.6 
Fatigue 11 12.5 
General aching 5 5.6 


While weakness was the commonest and the most conspicuous 
constitutional symptom, fever, chills, sweats, weight loss and head- 
aches were very prominent manifestations among this group of 
patients. 

. . . 

Ihe further symptomatology of these patients suffering from 
S. viridans endocarditis lenta has been grouped under the several! 

systems in the following tables. 


TABLE 4.—CARDIOVASCULAR SYMPTOMS. 


No. %. 


The most illuminating detail among the cardiovascular symptoms 
was the relatively high incidence of symptoms referable to congestive 
failure, dyspnea, palpitation and edema, a circumstance that will 
recur from time to time in the present analysis. The occurrence of 
precordial distress was independent of coronary or pericardial! 
involvement. 

TaBLe 5.—ReEsPIRATORY SYMPTOMS. 


No. %. 
Hemoptysis .... . 12.5 
Sore throat & 4 4.5 
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The high incidence of coughing may be related to congestive 
failure. The occurrence of hemoptysis depended upon passive con- 
gestion or infarction of the lungs. As a rule the pleuritic pain arose 
from pulmonary infarction or patchy pneumonia. Perhaps the most 
significant detail in the present connection was the rather frequent 
appearance of epistaxis (17%). In all probability this symptom may 
be attributable to the increased capillary permeability of endocar- 
ditis lenta. 

TABLE 6.—GASTRO-INTESTINAL SYMPTOMS. 


No. % 
Anorexia 27 30.6 
Nausea and vomiting 22 25.0 
Nausea 4 4.5 
Pain: 
Left upper quadrant 15 17.0 
General 14 15.9 
Right upper quadrant 4 4.5 
Right lower quadrant 2 3.3 
Diarrhea ; 4 4.5 
Dysphagia 2 2.2 
2 2.2 


Sore tongue 


Related to congestive failure, or to the toxemia of the infectious 
process, anorexia, nausea and vomiting took precedence among the 
gastro-intestinal symptoms of S. viridans endocarditis lenta. From 
a diagnostic standpoint the distribution of abdominal pain was very 
important. In 17% of the series (15 patients), pain occurred in the 
left upper quadrant of the abdomen. Capps’ points occurred quite 
commonly in this group of patients. 


TABLE 7.—GENITO-URINARY SYMPTOMS. 


No. %. 
Amenorrhea 7 
Hematuria 4 4.5 
Pain—left flank 3 3.4 


In the past apparently too little attention has been paid to the 
rather common occurrence of amenorrhea. If 4 of the 33 women of 
this series be excluded as without the usual age period of the men- 
acme, an incidence of 24.1% among the remaining 29 is quite sig- 
nificant. The relative infrequence of gross hematuria could be 
anticipated from the order of the pathologic process, viz., focal 
embolic nephritis. 


TaBLe 8.—Symptoms REFERABLE TO Bones, JOINTS AND MUSCLES. 


No. %. 
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Among the symptoms grouped in Table 8 only the pain in the 
left shoulder requires especial analysis. Infarction of the spleen 
with diaphragmatic irritation was naturally suspected as the most 
plausible explanation. 


TABLE 9.— NEUROLOGIC SYMPTOMS. 


No. %. 

General: Nervousness . 4 4.5 
Insomnia 2 2.2 
Unconsciousness 2 2.2 
Drowsiness 1 1.1 

Central: Meningeal: Stiff neck eM l 1.1 
Special sense: Vertigo 15.9 

Tinnitus 3 3.4 

Amblyopia 14.7 


These data are quite scattered and probably the sole illuminating 
detail is the high incidence of paresthesias (34%). 

Passing to the physical findings, the significant signs may be 
gathered under systemic headings. 


TABLE 10.—PuysicaL FINDINGS—SKIN AND RELATED STRUCTURES. 


No. %. 

Petechi#: Skin... . 60.2 
Splinter hemorrhages 3 3.4 

Mucous membranes 13 14.7 

Retina 10 11.3 

Pallor (7 were café au lait) 24 27.2 
Jaundice J 8 9.0 
Sweat, profuse 6 6.8 
Subcutaneous nodule 5 5.6 
Macules 4 4.5 
4 4.5 


Gangrene 


The high incidence of skin petechiz (60.2%) was not unexpected. 
The favorite sites were on the fingers or toes, in the webs of the same, 
and behind the ears. Subungual (splinter) hemorrhages were infre- 
quent in this series. No rule can be applied for the occasional 
earlier appearance of the petechi in the conjunctiva and the mucous 
membranes of the mouth. Indeed, in three instances the retina was 
the first site of the petechial eruption. The remarked pallor partook 
of a classical café au lait tint in the minority of these patients and 
subcutaneous nodules were uncommon. Gangrene of the skin is a 
startling but uncommon manifestation of this disease (Fig. 1). 


TaBLeE 11.—Puysicat Finpincs—HEap anp NEcK. 


No. % 
Eyes: Lagophthalmos . 3 3.4 
Exophthalmos 2 2.2 
Choked disks 2 2.2 
Exudate We 3 3.4 
Embolism—central retinal artery 1 1.1 
Ptosis. 1 
Neck: Carotidthrill . . « 2 2.2 
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Table 11 demands no especial discussion save for the striking pic- 
ture that was presented by the embolism of the retinal artery. The 
infrequence of choked disks and serious retinal changes is an indirect 
brief for the position that the uremia of endocarditis lenta must 
depend upon renal changes other than embolism. 


Fic. 1.—Gangrene of the tip of the nose resulting from embolism of nasal branches 
of the facial artery in S. viridans endocarditis lenta. 


TABLE 12.—Puysicat FinpiIncs—CaRDIOVASCULAR SYSTEM. 


Heart: Thrill: Apical—Systolic 
Presystolic 
Enlargement 
Murmurs: Mitral— Double 
Systolic 
Presystolic 
Aortic— Double 
Systolic 
Diastolic 
Pulmonic—Systolic 
Pericarditic friction 
Arrhythmia: Auricular fibrillation 
Complete heart block 
Peripheral circulation: Edema 
Arterial hypotension 
Arterial hypertension 
Vasomotor instability 
Dicrotic pulse 
Centrifugal venous pulse 
Aneurysm, ulnar artery . 


bo 


The cardiovascular findings are among the most important in 
endocarditis lenta. As anticipated the mitral murmurs overwhelm- 
ingly predominated. Cardiac enlargement was a very common 
finding (70.4%). Edema and arterial hypotension were further 


No. %. 
28 31.8 
27 30.6 
62 70.4 
49 55.6 
23 26.1 
6 6.8 
12 13.6 
13 14.7 
14 5.9 
1 1 
5 6 
5 6 
20 7 
17 3 
3 4 
l 
2 2 
10 3 
1 1 
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evidences of myocardial weakness. The positive centrifugal venous 
pulse reflected the same situation in the presence of relative tri- 
cuspid insufficiency. 


TaBLeE 13.—PuysicaL FinpiIncs—LuNGs aNp PLEURA. 


No. %. 
Chronic passive congestion . . . . .. . 23.8 
Bronchopneumonia . ...... . . 18 20.4 


As previously indicated, the evidences of congestive heart failure 
occurred with surprising frequence. Of this group 23.8% showed 
chronic passive congestion of the lungs. In most instances the bron- 
chopneumonia was a terminal manifestation. The pleuritic reac- 
tions were in response to infection and infarction. 


TABLE 14.—PuysicaL FInpDINGS—ABDOMEN. 


No. % 
Abdominal tenderness: Right upper quadrant 4 4.5 
Left upper quadrant , 4 4.5 
7 7.9 
Enlarged liver (chronic passive congestion) . . 38 43.1 
Palpable spleen . .... . 70.4 
Perisplenitic friction . . . . . 4 3 3.4 


Especially interesting in Table 14 are the high frequences of 
hepatomegaly and splenomegaly, 43.1 and 70.4%, respectively. In 
the case of the enlarged liver, chronic passive congestion played the 
important réle. Splenomegaly is a recognized clinical feature of 
endocarditis lenta and the high percentage of palpably enlarged 
spleens gives increased diagnostic importance to this finding. Peri- 
splenitic friction rubs were infrequent but interesting findings. 

The following case presents some of the diagnostic difficulties in 
the abdominal manifestations of S. viridans endocarditis lenta. 


Case 3.—E. P., white male, aged 13, complained of pain in the right 
groin. Weakness and general malaise initiated the present illness 2 months 
previously. He also experienced slight headaches, burning on urination 
and the passage of dark-colored urine for a few days. The general malaise 
and disability advanced considerably in the first 2 weeks of the illness and 
edema of the legs appeared about a week and a half after the onset. This 
swelling was greater in the calf and posterior aspect of the thigh and more 
marked on the right than the left. Chills and fever became pronounced 
about 2 weeks before admission. A week and a half previous to admission 
pain of a steady order developed in the right groin. Exacerbations wit! 
intervals of complete remission occurred from time to time. Occasionally 
there was a radiation along Poupart’s ligament. There was some pain in 
the sacral region. A weight loss of 17 pounds had occurred during the present 
illness. The past medical history was irrelevant. 

On physical examination the following pertinent details were established 
Pronounced pallor, spasm of both abdominal recti, tenderness over the 
right renal and the right inguinal regions. Shortly thereafter marked rebound 
tenderness appeared over the right lower quadrant of the abdomen. The 
appearance of a double mitral murmur led to the suggestion of an endocar- 


STREPTOCOCCUS VIRIDANS ENDOCARDITIS LENTA 309 


ditis and the deferment of the surgical exploration of the suspected abdom- 
inal inflammatory process. 

The laboratory examinations were significant in the presence of a hypo- 
chromic anemia, the hemoglobin ranging from 42 to 45% and the erythro- 
cytes from 3,690,000 to 3,970,000. Leukocytoses of 13,250 with 86% 
neutrophils and 19,750 with 83% neutrophils obtained. Blood cultures 
were negative. 

The temperature ranged from 99° to 102.8° F. and on the sixth day 
after admission there was a cerebral accident with advancing evidences of 
left-sided hemiplegia. A lumbar puncture was done; the cerebro-spinal 
fluid showed 85 cells per c.mm., 80% of which were small lymphocytes. 
The following day a cisternal puncture was done and the cells in the 
obtained fluid numbered 36 per c.mm. There was a rise in the mid-zone 
of the gold sol curve. 

The patient died on the tenth day and at necropsy the typical vegetations 
of endocarditis lenta were found on the mitral valve, extensive infarction 
of the left kidney and spleen was determined and there was an embolus in 
the right common iliac artery with an abscess in the tissue adjacent to the 
same. A basal meningitis completed the pathologic findings. 


TaBLe 15.—Puysicat Finpincs—Nervovus System. 


No. %. 
Cerebral embolic signs ; 7 7.9 
Hemiplegia 10 11.3 
Facial palsy 1 
Motor aphasia 1 1.1 
Horner's syndrome 1 
Convulsions 1 
Choreiform movements 1 1.1 
Fibrillary tremors 1 ‘3 
Stupor . 3 3.4 


The embolic and meningitic data in Table 15 are clearly explic- 
able on the basis of the pathologic changes of S. viridans endocarditis 
lenta. By the same token the incidence of hemiplegia (11.3%) might 
well be expected, although it would seem a rather high figure. 

The following case report portrays certain unusual neurologic 
manifestations of this form of endocarditis. 


Case 4.—E. H., white female, aged 18, complained of weakness with 
recent loss of vision. She dated the onset of her trouble at 6 months pre- 
viously when she had first noted palpitation with some precordial pain. 
Dyspnea had appeared on exertion and she had become so weak that for 
4 or 5 months she had been unable to work. For the past month there 
had been some loss of vision. The visual disturbance had progressed rather 
rapidly so that she could distinguish only moderately large type. Upon 
admission the patient vomited. An attack of rheumatic fever had occurred 
10 years previously. 

Significant among the physical findings at the time of admission were 
the retinal changes of bilateral choking of the disks, narrowing of the arteries, 
engorgement and tortuosity of the veins, fresh hemorrhages near the disks. 
lhe cardiac findings included a systolic thrill at the apex, cardiac enlarge- 
ment, apical and basal systolic murmurs. The spleen was palpably enlarged. 
The diagnosis of endocarditis lenta was confirmed by a positive blood cul- 
ture for streptococci whose order could not be established antemortem. 
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Four days after admission the patient became stuporous and the neck 
rigid. Edema of the right side of the face with bilateral ptosis developed. 
The extrinsic muscles of the right eye were paralyzed, the right pupil 
dilated, the tongue deviated to the right, the right arm increased in tone with 
reduced grip in the right hand. The Kernig sign was positive. All deep 
tendon reflexes on the right were increased over those on the left. There 
was a bilateral positive Babinski sign. Some ‘tenderness was remarked 
over the ribs. Lumbar puncture obtained a xanthochromic spinal fluid. A 
diagnosis of aneurysm of a vessel of the circle of Willis with leakage was 
made by Dr. Mabel G. Masten. A cisternal puncture 2 days later withdrew 
almost pure blood. The fluid obtained upon lumbar puncture subsequently 
was slightly less bloody. The further course was one of progressive decline 
to death 6 days after the described episode. 

At necropsy subacute bacterial vegetations were found upon the mitral 
valve and upon the mural endocardium of the left auricle. There was infare- 
tion of the spleen and kidneys, and a fresh blood clot was found about the 
pons and the medulla and as far forward as the optic chiasm. There was 
a fresh clot in each of the lateral ventricles. After fixation a highly cellular 
inflammatory exudate was found in the wall of the basilar artery which was 
partly destroyed and greatly dilated. An infected infiltration of the sur- 
rounding brain tissue was defined. A ruptured mycotic aneurysm of the 
basilar artery was diagnosed. The infarcts in the spleen and kidneys proved 
to be infected. 

TaBLE 16.—Puysicat FInpINGS—EXTREMITIES. 

%. 

2 
Emboli 
Joint involvement 
Tremor 
Bone tenderness 
Quadriceps weakness . 


Of particular interest were the lower incidences of clubbed fingers 
and of bone tenderness than ordinarily given. While clubbing of the 
fingers may be a heritage of the congenital or the chronic valvular 
lesions of the heart, it is not uncommon to observe its independent 
development and progression in the course of S. viridans endocardi- 
tis lenta. 

Case 5 illustrates infrequent lesions of this disease. 


Case 5.—E. F., white male, aged 18, presented a clinical picture of 
S. viridans endocarditis lenta upon the basis of a rheumatic involvement 
of the mitral and aortic valves, that had been first recognized 6 years pre- 
viously. 

Particularly interesting is the development of the complicating pain in 
the right arm which had suddenly appeared 2 weeks previously and after 
a month of the febrile course of the complicating endocarditis. Shortly 
after the onset of a sharp pain in the right forearm there had been a gradual 
swelling. The pain upon admission was aching in character and it decreased 
upon the direct application of heat. 

The local examination of the right forearm disclosed a pulsating swelling 
which was exquisitely tender upon palpation. A presystolic bruit was 
heard over this swelling. Extension of the forearm and of the fingers greatly 
increased the pain. Pressure over the brachial artery, sufficient to obliterate 
the radial pulse, completely relieved the pain and caused disappearance of 
the pulsation and bruit. 
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Under local anesthesia a linear incision was made in the right forearm 
and an aneurysmal varix of the ulnar artery and vein disclosed. This was 
resected. Embolic phenomena dominated the subsequent course. Death 
resulted from cerebral embolism. 


The laboratory findings in this group of patients were very inter- 
esting. Anemias of grave degree were unusual, only 5 patients (5.6%) 
registering erythrocyte counts below 2 millions. Levels of 2 to 3 
millions were reached by 17 (19.3%) and 3 to 4 millions by 34 
patients (38.6%). Thus it would appear that almost two-thirds of 
the patients of this group (63.5%) suffered from varying grades of 
anemia; but the majority of these might properly be classified as 
mild. The average minimal leukocyte count for 77 subjects was 
10,880 and the average maximal for the same group 23,060. The 
lowest leukocyte count was 2950 and the highest 61,500. Forty-nine 
of 76 minimal counts (64.4%) ranged from 6000 to 12,000. The 
spread of the maximal counts for the 83 individuals with available 
data was much wider. Of 83 maximal counts 63 (75.9%) ranged 
from 10,000 to 28,000. Unfortunately, the differential leukocyte 
counts afford no critical information. The neutrophils averaged 
80.4% in the minimal counts and 85.4% in the maximal. 

Albuminuria was established 59 times (68%), while casts were 
found 56 times (63.69%). In 43 instances (48.8%) red blood cells 
were reported in the urine. The suggestion of the greater respon- 


sibility of an independent glomerular nephritis over focal embolic 
nephritis for renal insufficiency will be analyzed on a clinico-patho- 
logic basis. Suffice it for the present to state that in 19 instances the 
non-protein nitrogen level in the blood exceeded 40 mg. %, but in 
only 3 of this number was the level over 120 mg. %. The renal form 
of endocarditis lenta is none the less a serious diagnostic and clinical 
problem, as witnesses the following example: 


Case 6.—P. F., white male, aged 29, complained of weakness and chills. 
His present illness dated to 6 months previously when he had gone to bed 
because of his chills and fever. Chills recurred weekly and weakness pro- 
gressed apace. From time to time in the intervening period he had sat up 
but the chills continued until a month before admission. Sweats had been 
quite debilitating. The inventory by systems added only anorexia, urinary 
frequency, urgency and nocturia. A weight loss of 65 pounds had been 
observed in the past 9 months. The past medical history was irrelevant. 
The social history added only the excessive alcoholic habit. 

To physical examination the important findings were the retinal changes 
of albuminuric retinitis, hypertrophied tonsils, basal congestive rales, 
cardiac enlargement with an apical systolic murmur, hepatic engorgement, 
palpable spleen and kidneys, blood pressure 126/72, and marked gen®ralized 
anasarca. The urinalysis was particularly significant in the albuminuria 
with occasional hyaline and granular casts, many leukocytes and erythro- 
cytes. The blood count on admission was 15°% hemoglobin, 1,640,000 
erythrocytes, 8400 leukocytes with 83% neutrophils and 17% lymphocytes. 
The non-protein nitrogen rose from 136 mg. % to 187 mg. % in the 9 days 
of hospitalization. The blood culture was returned positive for streptococci. 
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The patient died in uremic coma and at necropsy there were multiple 
vegetations on the tricuspid valve and on the wall of the right auricle. 
Aside from other findings the kidneys showed a granular injected surface with 
focal glomerulitis, marked arteriosclerosis and moderate interstitial connec- 
tive tissue increase. There was a moderate amount of hemorrhage in the 
tubules which were distended with an albuminous material and a slight 
cellular exudate. The glomerular involvement was of an acute order. 


‘Bhe results of blood cultures are listed in Table 17. 


TABLE 17.—Btoop CuLTuREs. 


No. % 
S. viridans . 51 57.9 P 
Streptococcus (type undetermined) ; 11 12.5 10.4% 
Diplococcus 2 2.3 
Staphylococcus (type undetermined) a 1 1.1 
Staphylococcus and streptococcus ; 1 1.1 
Negative (1 to 6 times) ; 12 13.6 
None taken 9 10.2 
Taken but not recorded . 1 


The experience in this relation closely paralleled the literature 
on the subject. The’percentage figures, of course, relate to the total 
series and would thereby tend to minimize the overwhelming pre- 
ponderance of the S. viridans responsibility for endocarditis lenta. 
This figure has been further distorted by the rather high percentage 
of undetermined streptococci in the blood cultures. A majority of 
these cultures disclosed growths within 72 hours. The ranges were 
18 hours to 14 days. 

A further laboratory observation warrants passing attention. The 
studies of Gessler? indicated an elevation of the basal metabolic rate 
even in the afebrile periods of this disease. In 9 instances of this 
series this observation has been confirmed and elevations as high 
as +56% have been recorded. Lacking a lucid explanation of this 
phenomenon its importance lies in the diagnostic confusion that may 
attend the evidences of sympathetic imbalance in the presence of 
an elevated basal metabolic rate in this form of endocarditis. 

The course of the disease follows no fixed rule, if this series be a 
criterion. While its lentor may be cited as a dominant feature, 
many patients show a more or less fulminant course. A study of 
the temperature charts available (80) disclosed maximal tempera- 
tures of more than 102° F. in 65 patients (81.1%), whereas minimal 
levels of less than 99° F. were recorded in 77 (96.2%). Diurnal 
variations of 4.1 to 8° F. occurred in 59 patients (70.3 %). Singular 
clinica] remissions appeared in the course of 15 subjects (17% of the 
compléte series) while in the hospital. A startling sense of euphoria 
accompanied certain of the late remissions in the consitutional pic- 
ture and in isolated instances closely anticipated the terminal 
decline. Indeed so striking was this occasional coincidence as to 
give the circumstance an ominous portent. Such episodes are not 
to be confused with the well defined afebrile, abacteriemic phases of 
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the disease. It is exceedingly difficult to fix the duration of the indi- 
vidual case of S. viridans endocarditis lenta. From careful histories 
the course was thought to have lasted 1 to 3 months in 17 (19.3%), 
t to 6 months in 18 (20.4%), and 7 to 9 months in 9 (10.2%). These 
figures leave an equal number of the total series (44), including the 
discharged patients, for whose course no approximate duration could 
be set. 

Of this series 64 (72.7%) died in the hospital. The manner of their 
exodus is charted in Table 18. The percentage figures relate to this 
group alone, since it is impossible to fix the exact cause of death in 
the discharged patients. 


TABLE 18.—MANNER OF DEaTH. 


No. %. 
Congestive failure 31.9 
Cerebral accident 17.1 
Bronchopneumonia \ 12.5 
Uremia 3 4.6 
Miscellaneous 2 3.1 


Note: Of this group, 3 had advanced cancer, 1 Paget's disease, 1 acute retention 
with hemorrhage and shock postoperatively, and 1 polycystic disease. 


Congestive failure and general decline from toxemia are equally 
responsible for the ultimate fatal outcome according to the growing 
consensus. Uremia played a smaller réle than was anticipated, 
but other complicating factors not uncommonly replaced renal in- 
sufficiency in the terminal picture. 

Therapy was uniformly unavailing. A list of the inefficacious 
agents would serve no good purpose. Sodium cacodylate was the 
drug most frequently used. Transfusions were given in 30 subjects. 
One patient received a total of 29 transfusions without profit. 
Immuno-transfusions showed no advantage. Of the other proce- 
dures invoked, Roentgen therapy had the most extensive trial* 
(12 patients) and without evident effect. 

Of the 64 patients dying of this disease in the Wisconsin General 
Hospital, 49 (76.5%) came to necropsy. These 49 postmortem cases 
occurred during a series of 2890 consecutive postmortems at this 
institution, an incidence of 1.7%. Since few figures are available on 
the incidence of S. viridans endocarditis lenta relative to the other 
types of endocarditis, a tabulation of all types as they occurred in 
this series has been made in Table 19. 

The subacute lesions occurred twice as often as the acute ulcera- 
tive type, but only one-third as often as rheumatic endocarditis. 
lurthermore the true proportion of rheumatic involvement is not 
fully conveyed by the above table. In addition to the 155 cases 

* This circumstance is explained by the fortunate experience of our associate, 


Dr. Chester M. Kurtz, in observing the recovery of a patient with S. viridans endo- 
‘arditis lenta who received Roentgen therapy. 
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of rheumatic endocarditis, there were 57 cases of rheumatic heart 
disease wherein the valves were not grossly affected and 376 cases 
revealing on microscopic examination the perivascular fibrosis which, 
though not conclusive, is at least a presumptive sign of the rheumatic 
process. Since no duplication was made within these three groups, 
a total of 588 cases (20%) showed definite or presumptive evidence 
of rheumatic inflammation. 


TABLE FouND IN 2890 PosTMORTEMS. 


No. of cases. 
Chronic endocarditis (marked distortion, thickening, calcification, etc.) 486 
Rheumatic endocarditis (valvular only; acute, chronic, recurrent) 155 
Acute indeterminate endocarditis (probably terminal) 76 
Endocarditis lenta 49 
Acute ulcerative endocarditis 24 
Syphilitic (valvular, in addition to aortitis) 9 


Cases with congenital cardiac lesions a? 16 


The relationship of rheumatic endocarditis to S. viridans endo- 
carditis lenta is not entirely clear. The portal of entry for the causa- 
tive bacteria has not been definitely determined. It is well recog- 
nized that the findings at the postmortem table cannot give satis- 
factory evidence as to the route by which the valve becomes infected, 
whether from its own vessels or from the cardiac blood stream. 
Consequently, this phase of the subject has not been discussed. 
Yet in spite of the uncertainty clouding these etiologic factors, a 
generally satisfactory correlation can be made between the clinical 
expressions of this disease—signs, symptoms, course—and the mor- 
bid anatomy and processes disclosed at postmortem. The post- 
mortem findings may be readily divided into the primary cardiac 
lesions and the secondary extracardiac lesions. 

Carpiac Lesions. Valves. viridans endocarditis lenta pre- 
sents at postmortem a number of distinctive characteristics. (1) It 
is predominantly a disease of the left side of the heart, not only in 
its cardiac lesions proper but in the many remote extracardiac 
(embolic) lesions secondary thereto. As shown in Table 20 the 
mitral and aortic valves, either alone or together, were involved 
in 41 (83.6%) cases. With either the pulmonic or the tricuspid 
valve they were involved in 6 additional cases (3 or which were con- 
genital heart cases). Only 2 cases accordingly involved the right 
side alone (Fig. 2). A single valve was affected in 30 cases, 2 valves 
in 17 cases, and 3 valves in 2 cases (both congenital hearts). (2) In 
this series, endocarditis lenta is not only predominantly a disease 
of the left side of the heart, but particularly of the mitral valve, 
which was involved, alone or in combination, in 40 cases. The aortic 
valve, alone or in combination, figured in 20 cases. (3) Through the 
distinctive tendency of the subacute vegetation to grow and pro- 
liferate rather than to ulcerate and destroy, it frequently encroaches 


Fic. 2.—Characteristic vegetations of S. viridans endocarditis lenta complicating 
congenital heart disease: A, Chambers of the right heart opened, showing vegetations 
on the tricuspid valve, chord# tendines and the mural endocardium. Probe extends 
through a congenital septal defect. B, Chambers of the left heart opened, showing 
massive, friable vegetations of the aortic valve extending to the ventricular surface 
of the aortic cusp of the mitral valve with much loss of its substance. Arrow points 
to septal defect. Weight of heart, 610 gm. 
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upon the chord tendinee (where ulceration and rupture are not 
uncommon), upon the mural endocardium, and upon the intima of 
the pulmonary artery and aorta. Thirty-one cases (63.2%) showed 
involvement of these areas, distributed as follows: mural endocar- 
dium (with or without chorde tendines) 24 cases, with the aorta 
3 cases, with the pulmonary artery 1 case, and aorta alone 3 cases. 
One case, however, appeared to be primarily an involvement of the 
mural endocardium with extension onto the mitral valve. (4) Pre- 
viously damaged or congenitally defective valves appear especially 
susceptible, if not actually indispensable, to the inception of this 
disease. There were 36 such cases (73.4% of the 49 cases coming to 
necropsy) divided as follows: congenital valvular defect, 6 cases 
(12.2%); sclerotic injury, 11 cases (22.4%); rheumatic injury, 
19 cases (38.7%). Eleven additional cases showed rheumatic stig- 
mata in the myocardium or pericardium although the valves grossly 
had appeared sufficiently normal so that no microscopic sections 
were taken. By including these 11 cases showing rheumatic involve- 
ment of the myocardium or pericardium, the total number of cases 
with rheumatic lesions regardless of heart area affected is brought 
to 30 (61.0%), and the total number of cases with congenital mal- 
formations or with previous injury, to 47 (95.7%). In one case an 
acute indeterminate endocarditis became superimposed upon the 
subacute lesion, the only instance in which the latter did not remain 


the ultimate process. 


TABLE 20.—VALvVES INVOLVED. 


Pulmonic alone 

Tricuspid 

Mitral 

Aortic 

Mitral and aortic 

Mitral and tricuspid 

Mitral and pulmonic (congenital heart) 

Aortic and tricuspid 

Aortic and pulmonic 

Aortic and mitral and tricuspid (both congenital hearts) 


One case, a male aged 24, presented unmistakable evidence of 
a healed endocarditis lenta of the mitral valve, chord tendinew, and 
auricular endocardium. The closest scrutiny of the history and post- 
mortem findings, however, failed to reveal any significant clue as to 
the mechanism of recovery. 

Non-valvular. The principal postmortem lesions encountered in 
the myocardium, endocardium (other than vegetations) and _peri- 
cardium have been arranged in Table 21. 

The myocardium generally escapes serious damage throughout the 
major course of the disease. The 23 cases with underlying chronic 
interstitial fibrosis can be accourtted for by the larger proportion of 


No. %. 
l 2.0 
l 2.0 
23 16.9 
5 10.2 
13 26 5 
1 2.0 
l 2.0 
l 2.0 
l 2.0 
2 1.0 
49 
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middle aged and elderly patients in this series. As the disease 
approaches termination, decompensation not infrequently develops, 
as is indicated by the number of mechanical lesions listed in Table 22. 


TABLE 21.—NoN-VALVULAR CARDIAC LESIONS. 


No. 
Myocardium: Toxemia (fatty or parenchymatous 
degeneration) 
Infarcts 
Acute inflammation 
Abscesses 
Focal necroses 
Chronic interstitial fibrosis 
Rheumatic stigmata (without gross 
valvular involvement) 
Endocardium: Mural thrombi—Left side 
Right side 
Both sides 
Pericardium: Obliterated sac; universally adher- 
ent pericarditis 
Acute or subacute inflammation 
Petechial hemorrhages 
Hydropericardium of various de- 
grees 


to 


to to 


~ 
bo bo 


~ 
LS 


bo bo 
bo bo 


TABLE 22.—MecHANICAL LESIONS. 

Chr. pass. congestion. No. To. Excess fluid. No. 
Liver 79.5 Chest 
Lungs .. 3: Pericardium . 2 
Spleen. 25 5 Abdomen 13 
Kidneys + ee 26 Subcutaneous . 17 


While at first glance the frequency of chronic passive congestion 
and excess fluid in the serous cavities and subcutaneous tissue would 
indicate myocardial incompetency as a very common condition, it 
should be stated that the former are postmortem (often only micro- 
scopic) findings. 

The combination of damaged valves and myocardium with conse- 
quent changes in the blood current due to decompensation helps to 
account for the finding of uninfected mural thrombi, apart from 
vegetations, in 14 cases. 

Hypertrophy of the heart seems to be the rule at least among 
males. Among 32 males, only 3 hearts weighed less than 380 gm., 
without a single instance of atrophy. The average weight was 535 
gm., the largest heart reaching 1185 gm. Among 17 females, 7 
hearts weighed less that 350 gm., there was one case of real atrophy, 
the average weight was 350 gm., and the largest heart weighed 
only 400 gm. Hypertrophy may be attributed to previous rheumatic 
or hypertensive disease, to the relatively prolonged course of the 
infection with time for cardiac adjustment, and to the low virulence 
of the causative bacteria, illustrating the pathologic axiom that a 
powerful toxin destroys but a mild toxin stimulates. The well 
recognized vulnerability of hypertrophied hearts to strain and infec- 


%. 
16.3 
14.2 
10.2 
4.0 
4.0 
46.9 
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51.0 

46.9 

26.5 
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tion is again exemplified. Cardiac dilatation occurred in one-half 
(24) of the cases. 

Serious involvement of the coronary arteries was seldom seen. 
There were no cases of gross occlusion either by sclerosis or throm- 
bosis, although microscopic examination disclosed 2 cases of throm- 
bosis. It will be noted in Table 21 that 7 cases of myocardial 
infarction were found, all minute, however, and discovered only on 
microscopic examination. An ulcerated defect of the intima 0.8 by 
0.5 cm. was found in the right coronary artery of one heart. Six 
cases, all over age 48, showed moderate or severe coronary sclerosis. 

Serious involvement of the pericardium was likewise seldom seen. 
The number of cases of hydropericardium (23) appears rather large 
although in many instances it was of sub-clinical proportions. 

EXTRACARDIAC Extracardiac lesions fall readily into two 
groups, embolic and non-embolic, or general. Lesions in both groups, 
however, are secondary to, and arise from, the primary cardiac 
lesions. 

Embolic Group. Emboli or their consequences are common. They 
terminate in a wide variety of locations with a consequent wide 
range in effect. They provide many of the peculiar or distinguishing 
characteristics of this disease. The rather soft, friable, insecure 
vegetations furnish a constant potential source of supply. Since 
the vegetations were limited mainly to the valves of the left side, 
emboli were encountered generally in the systemic circulation. 
This circumstance is in contrast to the embolic phenomena of other 
cardiac conditions, chiefly arteriosclerotic or rheumatic heart dis- 
ease with congestive failure, wherein the pulmonic circulation is 
more commonly affected. Of 648 cases of thrombosis (and emboli 
therefrom) tabulated from 2613 postmortems in the same series, 
341 were found in the pulmonary artery. 

The nature, frequency, and location of the embolic phenomena 
encountered are arranged in Table 23. 


TaBLe 23.—EMBOLI AND THEIR CONSEQUENCES. 
Nature of lesions. No. Location. 
Emboli (or thrombi) . . . 18 Pulmonary artery, 5; coronary, 2; brachial, 
iliac, femoral, mesenteric, gastric, facial 
(nasal br.), basilar, renal, adrenal, post. 
tibial arteries, 1 each; multiple dissemi- 
nation, 1. 
Infarcts Dee ee ee : Spleen, 37; kidney, 23; lung, 8; heart, 7; 
brain, 3; pancreas, 1; stomach, 1; tes- 
ticle, 1; node, 1. 
re : Nose, 1; foot, 1; heel, 1. 
Petechial hemorrhages .. Skin and mucous membranes, 28; serous 
membranes (mainly pericardium), 16. 
Embolic pneumonia 
Embolic nephritis (Lohleins) 
Embolic(?) abscesses... ‘ Kidney, 4; heart, 2; node, 1; brain, 1. 
Embolic(?) focal necroses_ ¢ Liver, 4; heart, 2; spleen, 2; adrenal, 1. 
Mycotic aneurysms ... Basilar artery (with rupture), 1; mesen- 
teric, 1. 
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Both cases of mycotic aneurysm occurred in young girls, aged 
17 and 18, and within a week of each other. The case with the myco- 
tic aneurysm (8 cm.) of the mesenteric artery had also developed 
a hemiplegia, but no brain examination was permitted at postmortem. 

The scarcity of cerebral embolism and infarction, in all probabil- 
ity, is due to the small number of brain examinations allowed (5). 
The spleen and kidney are the organs most frequently involved. 
It is interesting to note that the liver, the largest organ on the sys- 
temic circulation, however, with a dual circulation, showed no infarcts 
and only 4 instances of focal necroses. Of the 82 instances of infare- 
tion listed, 29 were multiple in nature (more than one infarct in the 
same organ). Occasionally one infarct would be sterile, another 
infarct in the same organ, septic; they frequently showed variation 
in age. In contrast to the pyogenic embolic phenomena in acute 
ulcerative endocarditis, lack of suppuration is the rule here, although 
exceptions are not uncommon; 5 infarcts in the spleen, 4 in the kid- 
ney, 2 in the lungs, and 1| in the brain were septic—a total of 12 
(14.6%). While S. viridans is an organism of low virulence, variation 
in tissue and individual resistance and in the number of organisms 
present in the detached vegetations probably explains the presence 
or absence of suppuration. Three instances of lung abscess occurring 
in conjunction with pneumonia or empyema were not considered to 
be of embolic origin. Venous (as distinct from arterial) thrombosis 
was noted 4 times, its scarcity again in contrast to its frequency in 
other types of heart disease where congestive failure prevails. 

Non-embolic Group. Lesions produced by other causes are more 
general and less striking than those produced by emboli. They are 
mainly mechanical due to varying degrees of decompensation, or 
toxic or infectious due either to the primary or to a secondary infec- 
tion. The principal mechanical lesions have already been tabulated 
in connection with the myocardial involvement (Table 22) and men- 
tion was made of the somewhat misleading impression they create, 
being not infrequently of a subclinical, terminal, or microscopic 
nature. The principal toxic or infectious lesions have been arranged 
in Table 24. 

TaBLe 24.—Toxic anp InFecTious LEsIOoNs. 

No. 

Acute splenic tumor . 

Acute nephritis (other than embolic) 

Bronchopneumonia (other than embolic) 

Acute pleurisy (without pneumonia) 

Widespread adherent perisplenitis 

Acute lymphadenitis 


“Ie bo to to 


Parenchymatous or fatty degeneration (toxemia) : 


The extent and degree of secondary anemia have already been set 
forth under the clinical discussion. It is to be noted that while the 
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disease involves only the heart in its initial stage, involvement of 
certain other organs invariably occurs. In this series, the spleen 
and kidneys were most frequently affected by emboli, the liver and 
lungs by toxic, infectious, or mechanical processes. The frequency 
of infarction in the spleen (37 cases) makes an interesting contrast 
to its complete absence in the liver in view of the fact that both the 
splenic and the hepatic artery spring from the celiac axis. The 
duality of the blood supply of the liver has been advanced in explana- 
tion without due respect to the analogous position of the lung where 
infarction is very common. ‘The real extent of brain and meningeal 
involvement could not be ascertained in this series because of the 
~ limited number of brain examinations permitted. 

The correlation of the clinical and the pathologic findings affords 
certain interesting information. With regard to cardiac involvement 
an antecedent history of rheumatic fever was elicited in 40.9% of 
the total group (88) and of the rheumatic chain just twice as fre- 
quently, 81.6%, whereas rheumatic lesions were demonstrable in 
61.0% of the 49 subjects coming to necropsy. The history of a 
congenital cardiac lesion was elicited in 4 patients. Three of these 
patients came to necropsy with disclosure of congenital heart disease 
in every instance. Congenital defects confined solely to valves were 
disclosed in 3 additional cases. Cardiac enlargement was noted upon 
physical examination in 70.4% of the group as compared with the 
necropsy figure of 79.1%. Of the latter group, cardiac enlargement 
had escaped clinical recognition five times. From a clinical stand- 
point the subjective evidences of congestive failure encompassed 
a wide range from 47.7 % of the total group showing dyspnea down to 
23.8% with precordial distress. ‘Turning to the physical findings, 
passive congestion of the lungs was established in 23.8% of the entire 
group and of the liver in 43.1%. Finally, from a clinical standpoint 
congestive failure was deemed responsible for 31.9% of the total 
deaths of this group in the hospital (64). At necropsy, chronic pas- 
sive congestion of the lungs was remarked in 71.4% and of the liver 
in 79.1%. While no attempt is made to reconcile these obvious 
discrepancies between the clinical and the pathologic evidences of 
congestive heart failure, it should be noted that in many instances 
the changes upon death were demonstrable only to microscopy. 
Perhaps the most significant detail relates to the importance of 
congestive failure in fatal outcome of S. viridans endocarditis lenta 
by either method of analysis. 

Splenic involvement by acute splenic tumor and infarction con- 
stitutes an important clinical feature of S. viridans endocarditis 
lenta. Fifteen patients (17%) suffered from left upper quadrant 
pain. Of this group, 8 came to necropsy and the spleen was invari- 
ably the seat of infarction. The spleen was palpable in 61 patients 
(70.4% of the general group) and in 28 of these the opportunity was 
afforded to weigh the spleen at necropsy. The average weight was 
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525 gm. All except one of the spleens recorded clinically as palpably 
enlarged exceeded the normal weight, and 23 of them (82.1%) 
weighed more than twice the normal figure (335 gm.). Among the 
remaining 17 subjects in whom the spleen was weighed but not 
palpated during life, only 5 were double the normal weight or 
larger. Two of the patients with pain in the left shoulder came to 
necropsy and both showed pleural involvement as well as splenic 
infarction. 

Renal involvement in the form of infarction and nephritis also 
constitutes a very important clinical feature of this disease. Hemat- 
uria of a gross order was reported in 4 instances. Three of these 
subjects came to necropsy and infarction was demonstrated in all. 
Pain in the left flank was dependent upon renal infarction in the 
2 isolated instances. It was the clinical conclusion that only 3 of the 
patients with a fatal outcome in the hospital had succumbed to 
uremia, although albuminuria, casts and red blood cells in the urine 
appeared in 68, 63.8 and 48.8% of the total group, respectively. 
A correlation of the non-protein nitrogen level in the blood and the 
lesions in the kidneys is afforded in Table 25. 


TABLE 25.—CoRRELATION OF BLOOD NON-PROTEIN NITROGEN AND RENAL LESIONS. 


Non-protein nitrogen. No. Renal lesions. 

40 to 60 mg. % 9 Parenchymatous degeneration and arterio- 
sclerosis in 5 cases; infarct, 1; infarct with 
parenchymatous degeneration, 1; acute 
glomerular nephritis with multiple ab- 
scesses, 1; chronic glomerular nephritis, 1. 

61 to 80 mg. % Focal embolic nephritis in 2 cases; glomerular 
nephritis and arteriosclerosis, 1; subacute 
nephritis with septic infarcts and abscess 
and extensive arteriosclerosis, 1. 


81 to 100 mg. % Chronic urinary retention with hydro-ureter, 
bilateral ascending pyelitis, tubular degen- 
eration and congestion and arteriosclerosis. 

Over 120 mg. % d Focal embolic nephritis, 2 cases, 1 with hem- 
orrhage in tubules and swelling of base- 
ment membrane, and the other with sub- 
acute diffuse nephritis and arteriosclerosis; 
acute glomerular nephritis, 1. 


Focal embolic nephritis: 4 of above 17 cases—23.5%. 
Focal embolic nephritis: 13 of total 49 cases (PM)—26.5%. 


This analysis gives substantial support to the position that fur- 
ther renal injury than the focal embolic process of endocarditis 
lenta is the rule in patients who develop renal insufficiency in this 
condition. Glomerular nephritis is the most common contribution 
to thisend. Serious renal involvement occurred in 40 of 49 subjects 
coming to necropsy (81.6%). Infarction occurred in 23; embolic 
nephritis, 13; acute suppurative nephritis, 4; acute glomerular neph- 
ritis, 6; subacute glomerular nephritis, 2; chronic glomerular neph- 
ritis, 2; sclerotic kidneys, 7. Obvious overlapping accounts for 


| 
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excessive numbers, but at least the frequence and the importance 
of renal involvement are emphasized. 

Bronchopneumonia was Clinically determined in 20.4% of the 
group; but it was held responsible for the fatal termination in only 
8 of the 64 dying in the hospital (12.5%). Since this figure was in 
striking contrast to the pathologic finding in this respect (55.1%), 
the group coming to necropsy was further analyzed. Of this series 
of 27 non-embolic bronchopneumonias, 13 had been so designated 
antemortem; 2 others had been termed bronchitis. The discrepancy 
is further reconciled in a measure by the fact that in 5 of the 27 
recorded diganoses at necropsy the lesions were microscopic. A 
sixth subject showed a small bronchopneumonic area of a tuberculous 
character. 

Summary. Certain details in this clinico-pathologic analysis of 
88 cases of S. viridans endocarditis lenta justify especial emphasis: 

1. Further evidence is adduced to support the thesis of a close 
relationship between congenital and rheumatic lesions of the heart 
and endocarditis lenta. 

2. Acute upper respiratory infections, rheumatic fever, infected 
abortion, dental extraction and massage for non-specific prostatitis 
apparently served as precipitating factors in the development of 
certain cases of this condition. 

3. Contrary to the accepted opinion, congestive heart failure may 
attend or mask this condition. 

4. The clinical manifestations and course of this affection are 
notoriously varied and inconstant. After the cardiac changes inci- 
dent thereto, particular attention has been directed to its toxic 
and its embolic features. Splenic and renal changes, including 
embolism, were very frequent. Mycotic aneurysms offered serious 
diagnostic problems. Cerebral accidents were not infrequent. Occa- 
sionally a mycotic aneurysm of a cerebral vessel may explain certain 
neurologic phenomena of this condition. Again the clinical picture 
may suggest thyrotoxicosis, and the unexplained elevation of the 
basal metabolic rate may add to the diagnostic confusion. 

5. This study offers material support to the importance of the 
diagnostic triad, 7. e., petechiz, splenomegaly and a positive blood 
culture for the S. viridans. Given the background of a congenital 
or a rheumatic heart lesion and a remittent fever, this triad offers 
the logical direction of attack. 

6. The prognosis of S. viridans endocarditis lenta is very grave. 
Only inferential evidence of the pace of the decline is offered by the 
circulatory, renal, embolic, toxic, consitutional and hematologic 
reactions. Although remissions of varying durations and degrees 
are the rule, certain of these patients undergo a rapidly progressive 
decline. Attention has been directed to the ominous significance of 
the euphoria that attends late remissions. 

7. This group included one itistance of healed endocarditis lenta. 
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The clinical activity apparently occurred at a period removed from 
the hospitalization. All therapy in the remaining number (87) was 
unavailing. 
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THE OCCURRENCE OF CORONARY ARTERY THROMBOSIS 
IN POLYCYTHEMIA VERA. 


By H. R. M.D., 


ATTENDING PHYSICIAN, SYDENHAM HOSPITAL; ASSOCIATE ATTENDING PHYSICIAN, 
MONTEFIORE HOSPITAL, NEW YORK CITY. 


(From the Medical Division, Montefiore Hospital, Service of Dr. L. Lichtwitz.) 


STuDENts of polycythemia or of coronary artery thrombosis, as 
a rule, have ignored the problem of any interrelationship or have 
failed to comment on the infrequency with which both conditions 
are encountered in the same individual. 

In a rapid and fairly complete survey of the literature of the past 


20 years we have come upon the following references: Oppenheimer* 
who reports 7 cases of vascular thrombosis. The clinical diagnosis 
of acute coronary occlusion was made in | of these cases, a male of 
38 years, with a known history of polycythemia of 11 years’ dura- 
tion. The patient recovered. 

Two other cases have appeared with autopsy findings. One of 
these was reported by Christian.2 This was a male of 55 years, 
listed as Case 4, who revealed at autopsy multiple vascular throm- 
boses of long standing. The brain, aorta, spleen, heart muscle and 
the coronary arteries were involved. There is no reference to any 
generalized arteriosclerotic state. Still another autopsied case is 
that published by Boyd.' It is an excellent example of the con- 
currence of polycythemia vera with coronary occlusion in a com- 
paratively young male of 37 years. The heart weighed 325 gm. 
and the anterior wall of the left ventricle exhibited large scars; at 
the apex the muscle was quite thin and bulging. About 1.5 cm. from 
the mouth of the left coronary artery there was an occluding 
thrombus, the upper portion of which was organized and recanalized, 
the lower portion showed uniform fibrous thickening of the intima. 
The wall of the vessel was surprisingly free of atheromatous altera- 
tion and this was true of the other coronary vessels. 

The combination is especially infrequent in the case of younger 
patients. Coronary artery sclerosis with thrombotic manifesta- 
tions in older groups who show decrescent processes, hypertension, 
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perhaps involutionary vascular alterations associated with hypo- 
thyroidism, is not unusual; but with such a background a concur- 
rent polycythemic state cannot be singled out as the sole or pri- 
mary cause of thrombotic occlusion. In younger subjects with 
no intrinsic alteration in the walls of the blood-vessels the patho- 
genesis of polycythemia clearly appears to be related to the forma- 
tion of coronary thrombosis and this relationship is of interest and 
significance. 

The pathogenesis of polycythemia is not clearly established. It 
is quite likely, and this is a point of view developed by Lichtwitz, 
that important neurohormonal connections link the bone marrow 
and other hematopoietic structures to hypothalamic regulations. 
Be this as it may, the outstanding feature of polycythemia fre- 
quently is a profound increase in all the elements of the blood. 
The blood volume, viscosity, all the formed cellular elements, the 
minerals of which calcium is an example, proteins of which globulin 
is an instance, are greatly increased. This marked hyperplasia of 
the blood, as a rule, is a chronic feature. 

Concomitant with this hyperplasia is a sluggishness, in some 
cases, a marked slowing of the blood current within small vessels, 
i.e., the capillary bed of various organs, notably the lungs. This 
retardation or stagnation of blood in these beds is associated with 
anoxemia, often the degree of anoxemia is close to the threshold of 
cyanosis. The anoxemia together with a reduced blood flow pro- 
mote the formation of thrombi and the thrombi in turn lead to 
hyaline, eventually to arteriosclerotic, alterations in the walls of 
these small vessels. Good sized veins and good sized arteries fail 
to exhibit any effective degree of slowing of bloodflow unless con- 
gestive failure or some other cause for reduced blood flow intervenes. 

Inasmuch as the hyperplasia of the blood is general, 7. e., through- 
out the cardiovascular system, and since especially in young indi- 
viduals the vascular conduits are not so apt to be diseased, we are 
forced to recognize that a general tendency to thrombosis in poly- 
cythemia in younger individuals, at least, may be linked to some 
general hematologic cause. This is not to deny that the same 
forces may be at work in older individuals also. The tendency 
to thrombose has been ascribed to a hereditary somatic factor, 
“thrombophilia” (Libman*), but more specifically to the enormous 
rise in the number of blood platelets. However, blood will clot 
in the absence of blood platelets as in the case of fishes, birds, rep- 
tiles, and lymph also, containing as it does no platelets, clots. It 
has been argued that substances or ingredients of the platelets may 
be liberated into the blood fluid and are responsible for intravascular 
clotting, not only in these lower forms but in human blood as well. 
This line of reasoning, however, leaves out of count the fact that 
although arterial as well as venous blood contain increased quanti- 
ties of platelets (and their ingrédients in whatever form they may 
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exist), the incidence of venous thrombosis in this disease far exceeds 
that of intra-arterial clotting. Possibly the more powerful arterial 
stream renders it difficult for thrombi to form and to secure an 
anchorage in this side of the vascular tree, but this hypothesis 
remains unsupported by experimental evidence. 

In polycythemia venous thromboses are frequent and these 
involve chiefly the limbs, the lung bed, and the large. intra-abdom- 
inal veins. The veins of the extremities, especially the legs, often 
suffer phlebitic and other thrombotic manifestations, sometimes 
associated with arterial changes as in the case of thromboangiitis 
obliterans. A general picture of polycythemia, in the beginning 
probably of the relative type but merging eventually into the 
genuine form, is not rare in connection with thrombosis of the 
hepatic, portal, gastric, splenic or renal venous system. There are 
occasions when it is well nigh impossible to say whether the throm- 
hotic lesion was secondary to the polycythemia or vice versa. But 
after all, this variation in sequence of events may not be a vital 
point when, as is the case here, the blood disease and the venous 
thromboses are closely related. A postponement of the appear- 
ance of the hematologic picture as after the occurrence of thrombosis 
may mean merely that there was a delay in the development of this 
one feature of the disease. The usual course is for thrombosis to 
ensue after the blood is already polycythemic but the existing under- 
lying pathogenic process can operate to produce thrombosis even 
when the blood is greatly improved. 

Thromboses in the lungs, or better in the lesser circulation, are 
frequently found in polycythemia. The thrombi are formed in the 
vast capillary bed, also in the smallest arterioles and even in medium 
sized vessels. The extensive capillary network with its reservoir 
function is a special site of predilection for variations in bloodflow 
and this region, also, is the chief and “optimal” area for the inter- 
change of gases between the atmosphere and the blood. Disturb- 
ances in function of this interchange lead to anoxemia. Accordingly, 
it is not surprising to note that some degree of dysfunction of the 
lesser circulation, expressed as diminished oxygen saturation of the 
blood (anoxemia) and diminished bloodflow, coéxists with many 
conditions or diseases associated with polycythemia, 7. e., congeni- 
tal heart disease, long-standing mitral stenosis, emphysema, so- 
called primary types of pulmonary fibrosis, and states that induce 
a lowered oxygen tension of the blood as among dwellers at high 
altitudes. 

The arterial vessels of the lungs carry venous, oxygen-unsaturated 
blood and the venous channels carry arterial, oxygen-saturated 
hlood. Nevertheless, the occurrence of thrombosis is not more 
marked in the pulmonary arterial bed than in the pulmonary 
venous bed. This is due to the fact, we believe, that the rate of 
bloodflow probably differs little in the finer arterial and finer 
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venous vessels. Both sets of vessels, therefore, may be looked 
upon as one territory with a common incidence for thrombosis 
formation. 

In polycythemia, arterial thromboses are comparatively infre- 
quent. They are encountered in the limbs, especially the lower 
extremities. Even younger individuals sometimes exhibit obliterat- 
ing arteriosclerotic endarteritic alterations and interestingly enough 
these vascular changes seldom lead to gangrene. The appearance 
of thromboangiitis obliterans in younger individuals who have 
polycythemia is not altogether “pure coincidence” and the same 
may be said for spasm, claudication, known to seize peripheral 
arteries. Thromboses in the arterial channels of the brain occur 
in polycythemia and may be unassociated with arteriosclerotic 
changes in the vascular wall. Thromboses in the arterial system 
of the lungs have been discussed already in connection with venous 
thrombosis in the lesser circulation. 

We come now to thrombosis of the coronary vessels. While it is 
true that thrombosis in these channels is not frequent in poly- 
cythemia vera, it is not as rare as is generally believed and to this 
the following cases with autopsy records from the Montefiore 
Hospital bear witness. In all, 7 cases of polycythemia came to 
autopsy, and of these 3 (Cases 3, 4 and 5) had myocardial altera- 


tions with associated coronary occlusions; 2 (Cases 1 and 2) showed 
extensive, similar changes in the heart muscle but no thrombus 
in the coronary tributaries. The other 2 cases in the series were 
free of myocardial damage and of coronary thrombosis. 


Case Abtracts. Case 1.—M. 8. (5099), a 50-year-old male with poly- 
cythemia vera (hemoglobin, 110 to 140%; red blood cells, 5,272,000). He 
had a thrombosis of the right internal saphenous vein and residual signs 
from a right hemiplegia of 6 years’ duration before admission to the hospital. 
Although not clinically suspected, the electrocardiographic tracings sug- 
gested that he had had myocardial damage on the basis of coronary occlu- 
sion. The blood pressure was 134/90. He also had signs pointing to a 
duodenal ulcer. 

The heart at autopsy weighed 330 gm. The apex of the left ventricle 
was the site of a healed infarct with aneurysmal dilatation and thrombus 
formation. The left side of the heart was dilated and hypertrophied. 
The coronary vessels contained very small atheromatous areas; nowhere 
was there any encroachment upon the caliber of the lumen. Neither the 
main branches nor offshoots showed any evidence of thrombosis; the ante- 
rior descending ramus was traced to the very apex of the heart and only an 
occasional small atheromatous area was uncovered. 

Case 2.—J. A. (5154), a 63-year-old white male, had had a paralysis of 
the right side 4 months before admission, with impairment of speech. 
Residual signs of this thrombosis (of the left lenticular striate artery) were 
still present and a note in the record called attention to the possibility 
that the thrombosis was related to his polycythemia vera. His hemoglobin 
was 128%, the red blood cells 8,100,000. He passed through an episode 
of acute cerebral thrombosis but no clinical features of sudden coronary 
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occlusion ever appeared. The electrocardiographic tracings revealed left 
ventricular preponderance. He died of a terminal pneumonia. 

Autopsy disclosed thromboses of the veins of the suprarenals and the 
pituitary gland, also gastric erosions. The heart weighed 380 gm. and the 
left ventricle was hypertrophied. At the apex, the muscle was thinned 
and showed the evidence of myocardial infarction. The coronary vessels 
were moderately arteriosclerotic but there was no narrowing or occlusion. 
One large coronary vessel had microscopic initial thickening with the media 
uninvolved. There was hyaline fibrosis of the heart muscle. 

Case 3.—T. G. (5498), a 66-year-old white female, was known to have 
had polycythemia vera for at least a year before admission. At that time 
the right leg was ulcerated, later the left leg. The radial arteries were 
tortuous, the brachial arteries pulsated visibly, and the right dorsalis pedis 
had no palpable pulsation. The hemoglobin was 122% and the red blood 
cells were 8,700,000. The blood pressure was 122/96. She developed 
gangrene of the lower half of the left lower limb and ulceration and gangrene 
of the 3d, 4th and 5th toes on the right side. Clinical signs of an abrupt 
coronary occlusion were absent. She died of a terminal pneumonia. 

Autopsy revealed an organized thrombus in the inferior vena cava par- 
tially occluding this vessel and a partially occluding thrombus in both 
iliac veins. The heart weighed 210 gm. The right coronary artery con- 
tained an organized thrombus 3 mm. beyond its ostium and extending down- 
ward for about 5 or 6 cm. The lumen of the vessel was entirely filled but 
the thrombus was recanalized. Peripheral to the occlusion the vessel was 
smooth with only an occasional small intimal fleck. The coronary vessels 
in general were tortuous but exhibited relatively little arteriosclerosis. The 
aorta and kidneys were arteriosclerotic. 

Case 4.—M. B. (6513), a 53-year-old white male, was known to have 
polycythemia vera at least 2 years before admission. At that time also, 
he had had an attack of paresthesia of the left hand. About 9 months later 
he developed paralysis of the right side of the body and difficulty in speech. 
The blood showed hemoglobin 140% and red blood cells 9,900,000. He 
developed a severe and sudden splenic infarct and later gangrene of the 
right toe. At no time was there any clinical ground for believing that he 
had had an occlusion of his coronary vessels. The blood pressure ranged 
from systolic 104 to 164 and diastolic 58 to 90. 

Autopsy showed old thrombi in the branches of the splenic artery and 
old thrombi of the cerebral vessels. The heart weighed 320 gm., the left 
ventricle was hypertrophied and the heart muscle had many scars. The 
coronary vessels contained old thrombi that were canalized. The coronary 
vessels in general were patent and free of arteriosclerosis. There was a 
chronic hypertrophic gastritis. 

Case 5.—H. B. (7747), a 36-year-old white female, had known poly- 
cythemia of 5 years’ duration. In March, 1938, her hemoglobin was 140% 
and the red blood cell count was 7,240,000. The blood pressure was 134/92 
and her electrocardiographic tracings were normal. About a month later 
she developed an abrupt episode of what was diagnosed clinically as an 
acute coronary thrombosis. She became markedly dyspneic, orthopneic, 
cyanotic and the blood pressure could not be measured. Twelve days later 
signs of precordial oppression appeared and pain radiating into the left 
shoulder. She had a temperature of 101° F. and coughed blood-tinged 
sputum that led to the diagnosis of pulmonary infarction. Shortly before 
exitus her electrocardiographic tracings revealed signs of infarction of the 
anterior wall of the heart. She died about a fortnight after the onset of 
this acute attack. 

Autopsy disclosed multiple infarctions of the lungs, multiple infarctions 
in the heart. The heart weighed 270 gm. The main stem of the left 
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coronary artery was occluded by a fresh red thrombus extending down 
along the entire course of the left anterior descending branch; the left 
circumflex coronary artery contained many thick eccentric arteriosclerotic 
plaques but no thrombi were seen. 

A special caution is necessary in interpreting the autopsy findings 
in Cases 1 and 2. In both these patients the heart muscle was 
seriously compromised and resembled the damage usually associated 
with coronary artery occlusion. As a painstaking search of these 
hearts failed to disclose occlusion in any of the coronary vessels, the 
basis for the myocardial alteration remains obscure. Strictly speak- 
ing, these two cases do not belong in the series of examples of the 
coexistence of coronary occlusion and polycythemia vera. They 
have been included, however, in order to direct attention to the 
occurrence, in advanced polycythemia vera, of marked myocardial 
damage of the type associated practically always with coronary 
thrombosis. 

Conclusions. Although there have been extensive investigations 
on the principles underlying the mechanism of blood clotting 
and on the formation and organization of thrombi, we are still 
unable to explain the precipitating cause of an intravascular clot. 
Nowhere is this truer than in connection with the coronary arteries, 
and this problem assumes a fresh interest in connection with an 
analysis of coronary thrombosis in polycythemia when these vessels 
remain unaltered. The cases we have described illustrate that the 
clinical manifestations of thrombosis in a normal coronary vessel 
are indistinguishable from those observed in thrombosis of arterio- 
sclerotic coronaries. These clinical features range from complete 
silence, e. g., few or no clinical signs at the time of the occurrence 
of the thrombosis as in some of our cases, to sudden and dramatic 
onset of shock, pain and so on, as observed in our last case. The 
sequele of disturbed cardiovascular hemodynamics and the evolu- 
tion of anatomic alterations in the heart are not different for poly- 
cythemic patients who develop coronary thrombosis. Arterio- 
sclerosis was absent, or at most minimal, in the coronary tributaries; 
in several instances, this complete or almost complete freedom of 
coronary sclerosis was in contrast to the general arteriosclerosis of 
other parts of the vascular system. The myocardial lesions were 
not limited to microscopic size but were gross and followed the 
occlusion of good-sized coronary vessels. The 5 cases in this series 
of 7 polycythemics examined at autopsy suggest that the concur- 
rence of polycythemia vera with coronary thrombosis or with 
marked myocardial damage of the type associated with coronary) 
thrombosis, is more frequent than we were wont to believe and that 
coronary thrombosis, as well as other arterial and venous throm- 
boses, is not to be dissociated from the pathogenesis of polycythemia 
vera. 

It is of some interest to direct attention to the clinical seizures 
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of precordial pain in polycythemic individuals in whom the coronary 
vessels are not occluded. The character and the mechanism of this 
manifestation may be akin to that observed, with and without 
intermittent claudication, in states of anemia. It has long been 
known that polycythemia or anemia may be responsible for many 
of the same clinical features and among them, we have reason to 
believe, precordial pain should be included. 

Acknowledgments with thanks are due the Laboratory Division of the Montefiore 


Hospital for the use of the autopsy protocols, and to Dr. David Perla for first directing 
our attention to these protocols. 
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(From the Division of Physiology of the Medical School and the Institute of Child 
Welfare, University of California.) 

At least 9 reports*7-*"5—!® have been published describing 15 per- 
sons who have been able to increase their pulse rate on demand. 
The present report deals with 2 who were able to increase their 
pulse rate and also to raise their blood pressure at will. This inves- 
tigation was undertaken to throw some light upon the relationships 
between the various physiologic adjustments which accompany 
these phenomena. 

Subjects. The one subject, “A. L.,” was not aware of his ability 
to control his circulation, until he was attending a course of instruc- 
tion in human physiology, when he announced his ability to increase 
his pulse rate. When a preliminary examination had verified this, 
he was questioned as to the mental processes involved, but was 
unable to elucidate them other than by comparison with some ordi- 
nary somatic movements such as raising an arm. This may be 
compared with the report of Hoskins’ introspection.’ “It is not 
induced by thinking of appropriately stimulating conditions or 
situations. It is probably no more—and no less—mysterious 
than is, for example, the flexing of a biceps muscle. Introspectively 
the two procedures seem similar. One simply ‘wills’ the change, and 
it takes place.” In contrast, Cameron" reports introspectively the 
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processes by which he trained himself to associate a spontaneous 
physiologic response to a fear stimulus with the will to accelerate 
his heart. 

The other subject, “A. B.,” stated that he had been able to increase 
his heart rate for several years before he studied physiology. His 
procedure was as follows: he would make himself conscious of his 
heart, either by feeling the pulse or the apex beat, by leaning his 
ear on a pillow or by any other of the common means familiar to 
us all. He would then attempt to anticipate each heart beat, or, as 
he said, “to pace his heart,” and thus by what he termed “a sustained 
mental effort” applied before each beat, he was able to maintain an 
increased heart rate. In neither case was the subject aware of any 
emotional component either in the production of acceleration or in 
the process by which he learned to produce it. 

For the more detailed investigation of this phenomenon, the fol- 
lowing experiment was repeated 4 times, that is, twice for each 
subject. 


Experimental Procedure. The subjects reported to the laboratory under 
basal conditions for the experiments. After 30 minutes’ rest in the supine 
posture, 3 8-minute determinations were made of the basal metabolism. 
A half mask was used and the determination made by the Tissot open- 
circuit method with gas analyses by the Boothby-Sandiford? modification 
of the Haldane technique. At the beginning of the rest period a blood pres- 
sure cuff was fastened to the left upper arm. With this the technician made 
5 auscultatory readings of systolic and diastolic blood pressures during the 
rest period and in between the basal determinations, and a pair of readings 
every half minute during the subsequent procedure. After the basal data 
had been collected, a second blood pressure cuff was attached to the left 
ankle. This was connected to an ink-writing tambour and inflated to 50 
mm. Hg to record the pulse on a polygraph. The expiratory hose from the 
mask was then connected to one of a pair of 9-liter Tissot spirometers, so 
connected that when one filled it operated a relay-driven valve switching 
the expired air into the other spirometer. In this way a continuous collection 
of expired air was made. The duration of collection of each 9 liters of expired 
air was automatically recorded on the polygraph. A duplicate determina- 
tion of the CO, and O, content was made on a sample from each of these 
collections of expired air. In some instances it was found convenient to 
pool several 9-liter collections, mix them and then obtain one sample. 
Respiratory frequency was determined from the polygraph record of a 
tambour actuated by the slight pressure changes within the mask. 

Two to four 9-liter collections were made and the subject was then 
instructed to accelerate his heart. After a further 27 liters had been expired, 
he was asked to end the acceleration. Collection was continued for a 
further 10 minutes to observe the recovery period,* and immediately fol- 
lowing this the subject was instructed to tense his arm and leg muscles. 
After tensing his muscles for a period corresponding to 27 liters’ expiration, 
a final 10-minute period of observations was made and the experiment 
concluded 

The tensing of muscles was used as a control partly as a simple method 
of inducing a moderate metabolic increase and partly to test the suggestion 
of Carpenter, Hoskins, and Hitchcock* that the tensing of skeletal muscles 
may be an essential part of the process of voluntary acceleration of the heart. 


* One of the experiments was concluded at this point. 
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Fic. 1.—Increase of circulatory, respiratory, and metabolic functions on command 
(Subject ‘A. L.,’’ 4/11/38). The upper 4 lines (systolic and diastolic blood pressure, 
pulse rate, and respiration rate) and the lower black histogram (respiration volume) 
are plots of the actual values measured. The upper (oxygen consumption) histogram 
is computed from the ventilation volumes and analyses of the expired air. The time 
blocks in the histograms indicate the duration of the collections of expired air. The 
pulse rate was counted for 6 seconds every half minute from a continuous polygraph 
record and was plotted in the middle of the interval so counted; the respiration rate, 
counted for the whole of each half minute, was plotted similarly. The blood pressure 
readings were made at approximately 30-second intervals and plotted at times at 
which they were taken as indicated by a foot-operated recording signal. The unavoid- 
able difference in the methods of plotting results in a slight discrepancy in the actual 
time relations in the graph, but we do not believe that this affects the conclusion dis- 
cussed in the text. W and X indicate the time at which the subject was commanded 
to accelerate and to stop accelerating the pulse rate. Y and Z indicate the time at 
which he was commanded to stop and start the muscle tensing. The ‘‘ventilation in 
liters per minute” and “‘oxygen consumption in liters per minute” are both plotted 
as histograms, and hence no temporal confusion results. The same method of plot- 
ting cannot be followed for the systolic and diastolic blood pressures or for the respira- 
tion rate. Since our readings are not instantaneous, but extend over a period of time, 
it is customary to plot data of this sort at the middle of the temporal interval rather 
than at the end. Hence, when the point just preceding the command ‘“W”’ is con- 
nected with the measurement made immediately after the command is given, the 
impression is given that the rise precedes the command, which is not the case. The 
question as to whether the rise in respiratory rate began before, simultaneously with, 
or after the blood pressure rise, can be answered only partially by critical examination 
of the plot. Our experimental method provided us with continuous measurements 
of pulse rate and respiration rate, but our measurements of blood pressure are neces- 
sarily made at specified temporal intervals. Our first blood pressure measurement 
after the command, occurred between 20 and 30 seconds after the order was given. 
Furthermore, irregularities in respiration make it extremely hazardous to draw con- 
‘lusions about the speed at which the respiratory rate may change. 
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Blood Pressure and Pulse Rate. Figures 1, 2, 3, and 4 show the 
data from these experiments plotted against time. In the first 
place, it will be noted that in the subject (A. L., Figs. 1 and 2) to 
whom the procedure appeared effortless, the new frequency was 
well maintained, and the return to normal was abrupt in both 
experiments. In the other subject (A.B., Figs. 3 and 4) the building 
up of a high frequency was somewhat delayed; he was not completely 
successful in maintaining the high rate, and at the end of the effort 
the normal rate reappeared more gradually. In each case the systolic 
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Fic. 2.—Increase of circulatory, respiratory, and metabolic functions on command 
(Subject ‘A. L.,’’ 5/2/38). (See legend to Fig. 1.) Note the increase in circulatory 
functions on tensing muscles and the very great metabolic cost of this. 


blood pressure also increased considerably. As to the diastolic 
pressure, the subjects differ in that “‘A.L.” induces a clear increase, 
whereas “A.B.” shows no change in one experiment (Fig. 4) and 
a barely recognizable rise in the other. In either case, however, the 
marked increase in pulse rate without corresponding drop in pulse 
pressure would be interpreted by many investigators (Read and 
Barnett; Liljestrand and Zander'®) as evidence for an increased 
cardiac output. As to whether these subjects really showed an 
increased cardiac output, we have at present no direct evidence. 
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Toward the end of the experiment in each case the subjects’ hands 
broke out into a cold sweat, and although we were unable to recog- 
nize any change with a skin resistance thermometer, this feeling of 
coldness suggests that in our subjects the blood flow through the 
limbs was diminished, as was shown to be the case by Taylor and 
Cameron" using calorimetry, and by Tarchanoff" and Pease" using 
plethysmographs. In this connection it may be noted that the 
slight drop in level of the pulse record which appeared every time 
(see Fig. 5) may be regarded as an indication of diminished limb 
volume and vasoconstriction. 
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Fic. 3.—Increase of circulatory, respiratory, and metabolic functions on command 
(Subject ‘‘A. B.,"’ 4/18/38). (See legend to Fig. 1.) 


Increased Metabolism and Respiration. Our observations may be 
divided into 7 periods, each separated by rest or recovery periods. 
our of these (7. e., 1 on each of 2 days for each subject) were periods 
during which the subject was attempting to accelerate his heart. 
These are the “experimental” periods. The 3 remaining or “control” 
periods, 2 for “A.L.” and 1 for “A.B.” were those in which the sub- 
jects were tensing their skeletal muscles and not making any 
attempt at cardiac acceleration. 
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Fic. 4.—Increase of circulatory, respiratory, and metabolic functions on command 
(Subject ‘A. B.,"’ 4/4/38). (See legend to Fig. 1.) This experiment was concluded 
without any muscle tensing control. 
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Fic. 5.—Part of polygraph record, showing the rapidity of onset of increase o! 
pulse rate and blood pressure (Subject ‘‘A. L.,”’ 5/2/38). Topline = record of changes 
in limb volume from cuff on ankle inflated to 50 mm. Hg. Arrow indicates command 
to increase heart rate. Second line =*systolic and diastolic blood pressure. Arrows 
indicate moments of reading. Third line = time in seconds. 
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In each of the 7 periods, experimental and control alike, we find 
that there is an increase in respiratory frequency and volume of air 
breathed per minute, and a slight increase in oxygen consumption. 
In 6 of these periods the gas analyses (of which Table 1 is a sample) 
were characteristic of mild exercise. That is to say, the increase was 
found in both oxygen intake (Column 4, Table 1) and carbon dioxide 
elimination (Column 6, Table 1) with the respiratory quotient* 
(Column 7, Table 1) rising towards unity (in 1 case, “A.B.,” 4/4/38, 
to 1.09). That a true increase in metabolism, probably due in 
part to increased work, was taking place is further shown by the 
fact that for each of the seven instances there is a clear-cut excess 
oxygen utilization if the oxygen intake for the periods of increase 
and the subsequent recovery periods be added and compared with 
the rate for the immediately preceding period (Table 2). 


TABLE 1.—Expirep ANALYSIS. 


Experiment No. 2. A. L. April 11, 1938. 


Apparent oxygen 


Time for collection consumption. CO: 
of 9.19 liters Expired air. elimination, 
expired air, ‘ Liters per % of liters per 

minutes. % Or. % CO. minute. basal. minute. R. Q. 

(1) (2) (3) (4) (5) (6) (7) 
Resting. 

1.85 16.88 3.03 .194 91 .136 702 

1.82 16.91 3.17 .193 91 .144 . 746 

Voluntary Acceleration. 

1.28 16.48 3.61 . 304 143 235 773 

1.25 17.45 3.41 . 232 109 226 974 

1.36 7.63 3.17 . 204 96 .194 951 
Resting. 

1.91 16.95 3.5 .178 84 .153 860 

5.18f 16.83 3.37 . 206 97 162 786 

Muscle Tensing. 

1.37 16.85 3.31 . 261 123 201 770 

1.23 16.55 3.44 .313 148 232 .741 

1.55 16.46 3.52 . 253 119 .189 747 
Resting. 

5.24T 16.54 3.54 .219 103 . 168 767 

5.33T 17.22 3.15 .180 85 .147 .817 


t 25.57 liters. 


Hyperventilation. Whenever the voluntary acceleration was 
induced, we found evidence of hyperventilation (Taylor and Cam- 
eron;!* Carpenter, Hoskins and Hitchcock*) in addition to the increased 
work. The evidence for this appears in the gas analyses (Table 1), 
where the carbon dioxide content (Column 3) and the oxygen con- 


* The term “respiratory quotient”’ is here used, as it was originally, to signify the 
ratio of carbon dioxide to oxygen in the expired air. It is not intended to include in 
the term any interpretation as to chemical processes occurring in the blood stream 
or in the tissues. 


. 
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tent (Column 2) of the expired air are found to be high during the 
period of voluntary acceleration. This change is responsible to some 
extent for the R. Q. (Table 1, Column 7; and Table 2) which is notice- 
ably higher during acceleration than during muscle tensing. The 
falling carbon dioxide content of expired air during the latter two- 
thirds of the voluntary acceleration (from 3.6% to 3.17%), in con- 
trast to the rising concentration of carbon dioxide in the expired air 
during muscle tensing (3.31% to 3.52%) is further evidence that 
hyperventilation occurs in the former case. It may be seen clearly 
from the figures that the increase in ventilation has an abrupt onset 
and is maintained with very little change up to the end of the experi- 
mental period, whereas the increase in oxygen retention is much 
greater in the first than in subsequent periods. With hyperventila- 
tion the composition of the air in the chest tends to approximate 
more closely that of atmospheric air and the oxygen involved in 
this change gives a spurious appearance of a greater increase in 
oxygen consumption during the first periods than is real. At the 
end of the experiment the respiration abruptly returns to its pre- 
vious level and the reverse change takes place. During this time 
the excess oxygen in the lungs is absorbed for metabolic use without 
appearing as oxygen consumption in the analyses. Accordingly, the 
observed oxygen removal from the room shows a spurious drop dur- 
ing the early part of the recovery, a drop which has been used in 
Table 2 to neutralize the effect of spurious excess oxygen absorption. 
This drop is a further index of the existence of hyperventilation. 
These variations in apparent oxygen consumption have been con- 
sidered in detail in experimental hyperventilation in persons with 
“effort syndrome” (Soley and Shock"). 


TaBLe 2.—Excess METABOLISM DURING ACCELERATION. 


Apparent consumption 
for whole period (liters). 


R. Q. 
Measured. Excess. (peak value). 
A.L. 4/11/38 
*Rest 0.71 0.746 
Acceleration 2.37 0.24 0.974 
Muscle tensing . 3.24 0.39 0.817 
A. L. 5/2/38 
*Rest . 0.74 a 0.719 
Acceleration 2.55 0.32 0.901 
Muscle tensing . 3.99 1.11 0.805 
A.B. 4/18/38 
*Rest . 0.80 0.756 
Muscletensing. ..... . 8.63 0.33 0.780 


* The preliminary rest periods only. The periods labeled ‘‘acceleration’’ and 
‘‘muscle tensing”’ include the following period of recovery (see figures). 

The first experiment on A. B. (4/4/38) is omitted from this table. The interpre- 
tation of this experiment is similar to that of the others, but the somewhat different 
arrangement of the timing makes the figures confusing and not strictly comparable 
to those in this table. Values in Column 2 computed from measurements in 
Column 1 and duration of periods. (See Table 1, Column 1; and Figs. 1-4). 
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Although we have definite evidence that hyperventilation was 
present in all the experiments and in none of the controls, we are 
inclined to agree with Taylor and Cameron" and with Carpenter, 
Hoskins and Hitchcock? that it is merely incidental and not an essen- 
tial part of the mechanism for acceleration, since in a series of exper- 
iments (in preparation for publication) in which subjects were made 
to hyperventilate (by 3- or 4-fold) no increase of pulse rate or systolic 
blood pressure was found. Soley and Shock" found that hyper- 
ventilation per se appeared to increase the rate of oxygen consumption 
and also to produce cutaneous vasoconstriction and sweating. The 
hyperventilation, then, may contribute to an uncertain degree to 
these phenomena in our experiments, but almost certainly is not the 
cause of the changes in blood pressure and pulse rate. 

Muscle Tensing. In view of the experiments in which Hoskins* 
accelerated his heart by deliberate tensing of muscles, it becomes 
imperative to consider the possibility that muscle tensing may be 
the underlying factor responsible for the cardiac acceleration in the 
cases reported here. Considering first the case of “‘A.L.” as observed 
on April 11, 1938 (Fig. 1), it may be seen that in the experiment and 
the control during acceleration and muscle tensing respectively the 
apparent increase in oxygen consumption is of the same order of 
magnitude. The circulatory functions, on the other hand, are 
decidedly more increased during the experimental than during the 
control period. In fact, the real excess oxygen utilization (Table 2) 
was greater in the control period than in the other and the pulse 
acceleration was less, while the increase in blood pressure during 
the muscle tensing period was negligible. In the other experiment 
(Fig. 2) on this subject, it is true that all the circulatory measure- 
ments of the experimental period were closely imitated during the 
muscle tensing period, but this was at very much greater metabolic 
cost. On the evidence of these two experiments, then, it seems that 
the circulatory changes were determined by something more than 
the necessity for satisfying a metabolic need created by muscle 
tensing. Just as the subject has been shown to be hyperventilating, 
so we may speak of him as independently “hypercirculating.” 

Cardiac Output. In view of the 60% and 40% increases in pulse 
rate and the simultaneous 20% and 10% increases in pulse pressure, 
it is very likely that there was a sudden increase in cardiac output. 
The evidences of peripheral vasoconstriction in such cases—cold, 
pale extremities—and in the instances where measurements have 
been made, diminution in limb volume (Tarchanoff"), and limb 
blood flow (Taylor and Cameron"), together with the dilatation of 
the pupil observed in our subjects suggests the possibility that the 
whole train of events may be due to a sudden liberation of epin- 
ephrine. Taylor and Cameron found their experiments to be followed 
by a glycosuria but failed to find the expected hyperglycemia—a 
failure which they very reasonably believe may be due to the timing 
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of their blood samples. On the other hand, with such a mechanism 
one might expect a delay of a quarter minute for the epinephrine to 
pass from the adrenal body to the peripheral resistance and the 
coronary system. One might also expect a measurable after-effect. 
In one at least of our subjects the onset and cessation of the accelera- 
tion were very considerable within 10 seconds of the command 
(Fig. 5). 

Moreover, Euler and Liljestrand® found that subcutaneous doses 
of epinephrine great enough almost to double the cardiac output 
produced no increase in diastolic pressure; in fact, in every case they 
show a very small decrease. Similar findings are reported by Elliot 
and Nuzum.‘ Pickering and Kissin," Gordon and Levitt,’ and 
Fatheree and Hines’ find similar effects with small doses intravenously 
though larger doses commonly produced a rise. Grollman explains 
the findings of Euler and Liljestrand by suggesting that in the dosage 
in question the vasodilator effects of epinephrine are greater than 
its vasoconstrictor effects to an extent sufficient to balance the 
increased cardiac output. It might be argued that we are dealing 
with a much larger liberation of epinephrine and consequently have 
a predominantly constrictor effect. Should this be so, it becomes 
necessary to consider whether the direct action of epinephrine on 
the heart can increase the cardiac output in the presence of a gener- 
alized vasoconstriction which must tend, by diminishing the vis 
a tergo, to lower the venous pressure and thus the filling of the heart. 

Blood Mobilization. It would seem that the most likely way in 
which such a filling insufficiency could be compensated would be by 
the liberation of blood from the blood stores. Although such a 
liberation would in no way help to explain the rapidity of the phe- 
nomena, it would provide a possible explanation for the raised dia- 
stolic pressure. Let us then consider the possibility that such an 
increase could have been brought about in part by the rapid mobil- 
ization of some of the blood ordinarily stored in the cutaneous, 
splenic, mesenteric, and pulmonary vascular beds. With the excep- 
tion of the last, these bloods are all venous, and in the case of the 
splenic, the most mobile store, of a very high oxygen capacity. The 
extra oxygen intake in the first minute necessary to saturate this 
extravenous blood would appear in the oxygen analyses as excess 
oxygen removed from the first 9-liter period. That this circulatory 
acceleration may have had a greater effect in removing oxygen from 
the alveoli than the hyperventilation had in providing it, is suggested 
by the fact that the oxygen content of the expired air was always 
lower during the beginning of the period of voluntary acceleration 
than later (see Table 1), whereas with uncomplicated hyperventila- 
tion it is usually increased immediately (Soley and Shock"). 

In order to assess the quantity of oxygen which might be taken 
up in this way it would be necessary to have a quantitative measure- 
ment of the amount of excess ventilation, but a rough attempt 
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may nevertheless be interesting. Such an attempt, based on the 
data available, would involve certain assumptions. Fortunately 
it seems possible to approach the problem in two different ways, 
the necessary assumptions for which are entirely different. In the 
case of “A.L.” (4/11/38) we see (Table 1) that an immediate 
effect of the command to accelerate is a fall in the oxygen content 
of the expired air in spite of the hyperventilation already dis- 
cussed. Since the highest oxygen content of expired air is usually 
at the beginning of hyperventilation, we may be justified in assuming 
that such might have been the case here. On the basis of the two 
subsequent figures, let us assume that the maximum oxygen content 
attained by the subject can be attributed entirely to hyperventila- 
tion. The difference between this maximum value (17.63) and the 
value observed (16.48) during the first period might well have been 
due to the passage of oxygen into the newly released venous blood 
during this time. This difference (1.15) multiplied by the volume of 
air expired during the period (8.3 liters*) gives a value of 95 cc. for 
the amount of oxygen which might have been expected in the expired 
air but was not found. To regard this as stored in the newly released 
blood involves the further assumption that the metabolic rate does 
not vary greatly during the period of cardiac acceleration—an 
assumption which seems reasonable in view of the way in which the 
levels of increased pulmonary and circulatory activity are main- 
tained. 
TABLE 3.—CALCULATION OF ““OxYGEN STORAGE.” 


Experiment. 


1. Il. Iil. avs 
Subject A. L. A. L. A. B. A. B. 
Date of experiment... « 4/11/38 5/2/38 4/4/38 4/18/38 
Method I: 
Observed % Oz» in expired air attributed 
to hyperventilation 17.63 17.21 17.63 17.49 
Observed % O: in expired air of Period I 16.48 16.50 16.17 16.87 
Difference ; 1.15 0.71 1.46 0.62 
Ce. ‘‘stored”’ 95 59 121 52 
Method IT: 
Volume of air in lungs (assumed) , 3000 3000 3000 3000 
Change in % O: in expired air (basal— 
Period I) 0.43 0.41 —0.60 —0.68 
QO, disappearing from lungs due to change 
in gas composition (cc.) 13 12 —18 — 20 
Measured excess O; uptake during Period 
I (ce./min.) . 142 139 143 131 
Total O2 taken up in Period I (cc.) > 155 151 125 111 
Total excess metabolism (cc.) Grr 240 320 330 95 
Excess metabolism for Period I Sy i 79 104 99 29 
EE 76 47 126 82 


The other method of attacking this problem involves the assump- 
tion that the amount of air in the lungs is not greater than 3 liters 


* This figure, 8.3, is the volume of the ‘‘9-liter’’ spirometer (9.19 liters) corrected 
for pressure, temperature, and water vapor. 
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and that its mean oxygen content does not change any more than 
that of the expired air. These limiting assumptions, as will be seen, 
give us a figure which is of the same order of magnitude as that 
already obtained. Thus in the same experiment, the quantity of 
oxygen absent from the lungs during the first 9-liter period of accel- 
eration is not greater than 3000  .0043 = 13 ce. oxygen. The 
increased oxygen intake in this period as compared with the rest- 
ing period amounts to 142 ec. Adding this to the 13 ec. which have 
left the lungs, as shown by the changed oxygen content of the expired 
air, we have 155 cc. of oxygen to account for the excess metabolism 
during this period as well as the saturation of the newly liberated 
blood. From Table 2 we find that the total excess metabolism of the 
acceleration period was 240 cc. If we assume that the metabolic 
increase, like the circulatory displacements, was evenly distributed 
over the experimental period, we may divide it between the three 
acceleration collections in proportion to their duration. It then 
appears that 79 cc. excess oxygen were used during the period which 
is under consideration. After these 79 cc. have been subtracted 
from the 155 cc. above, there remain 76 cc. for the saturation of the 
stored blood. Considering the two calculations just made we may 
say that an amount of about 75 to 100 cc. of oxygen has left the 
lungs in excess of that which appears to have been required for 
metabolic needs. Table 3 shows the results of similar calculation 
on all 4 of the experiments. 

It is not beyond the bounds of possibility that in “A.B.”’ the 
increase of systolic without much change in diastolic pressure might 
have been achieved by a moderate vascular relaxation (of the epin- 
ephrine type, perhaps, since this subject reacted more slowly) which 
in turn would have increased the cardiac output and frequency 
without calling on the blood stores to any great extent. This sugges- 
tion is further supported by the somewhat less sudden appearance 
and disappearance of the phenomena in his case. 

If the excess oxygen found in these calculations is taken up, as 
has been suggested by blood newly liberated from blood stores, it 
would be sufficient to saturate between } and 2 liters of pulmonary 
artery blood. The former of these figures is based upon one of the 
higher figures for pulmonary arteriovenous oxygen difference (130 cc. 
per liter) observed by Grollman; the latter and larger figure upon an 
arteriovenous oxygen difference of 50 cc. per liter. The blood released 
from the stores, however, would almost certainly differ from pul- 
monary artery blood in being more venous and having a higher 
oxygen capacity since at least some of it would come from the spleen. 
This makes it possible that the oxygen in question might be absorbed 
by considerably less than a liter of mobilized blood. Barcroft! 
regards his estimate of a 1-liter blood mobilization for man as 
conservative. 

The above considerations with respect to oxygen uptake are 
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borne out by the indications of the carbon dioxide analyses (‘Table 1) 
which indicate excess carbon dioxide elimination, but it does not seem 
possible to deal with this gas on a similar basis because of the vast 
stores of it throughout the body and of the ease with which it may 
be liberated in response to the production of fixed acids. 

It might be suggested, on the other hand, that the sudden uptake 
of oxygen and evolution of carbon dioxide might be more simply) 
explained by a sudden burst of metabolism. The gas analysis figures 
offer no absolute refutation of this contention, but it is difficult to 
visualize a sudden violent metabolic activity of about 1 minute’s 
duration without any corresponding disturbance appearing in the 
cardiovascular and pulmonary system. 

Discussion. The incidence of the ability voluntarily to accelerate 
the heart has been much discussed in the 9 reports cited, but there 
does not appear to have been any attempt to investigate its fre- 
quency in adequately large groups. The extreme view is that of 
Van de Velde,'® based on a series of 5 cases, of which 4 showed the 
phenomenon, which holds that the power is almost universal and 
that acceleration can be induced by anyone after a little practice. 

The pharmacology of the phenomenon has been studied, particu- 
larly with reference to atropine, in attempts to throw light on the 
efferent nervous or chemical mechanisms involved, but the uncer- 
tainty as to the adequacy of any given dosage has made for confusion 
in the findings. Tarchanoff observed that the power was in abeyance 
under the influence of subanesthetic doses of nitrous oxide. Oddly 
enough, it was while submitting to this drug that one of our sub- 
jects (A. B.) first noticed his ability to alter his pulse rate. 

Dilatation of the pupil, increased blood pressure,'*® perspiration, 
increased oxygen consumption,’ and hyperventilation” have all been 
noted as phenomena concomitant with voluntary acceleration of 
the pulse, but it is not recorded that acceleration has ever been pro- 
duced without the accompaniment of them. 

Summary. ‘Two subjects are discussed; both of them are able 
voluntarily to accelerate their pulse rates at the word of command. 
This acceleration is accompanied by increased systolic and diastolic 
blood pressures, increased rate of respiration, ventilation volume, 
oxygen uptake and carbon dioxide output. The onset and disappear- 
ance are abrupt. 

The quantitative consideration of the magnitude and time relations 
of these functions indicates that there is a true hyperventilation with 
excess elimination of carbon dioxide, a true increase in metabolism 
with excess oxygen utilization, and a hypercirculation, or circulation 
in excess of the metabolic requirement. Epinephrine might be 
responsible for the cardiac acceleration and the increased blood 
pressure and, by discharge of blood reservoirs, for the increased 
circulation. But it is believed that the phenomenon appears and 
disappears so rapidly that epinephrine cannot be solely held to 
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account. In the 9 reports cited, covering some 15 other cases of 
voluntary acceleration of the heart, there is no instance in which 
the acceleration was not accompanied by one or more of the other 
phenomena described. 
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BRUCELLOSIS WITH ENDOCARDITIS. 
REPORT OF A CASE WITH FAILURE OF SULPHANILAMIDE THERAPY. 


By Kennetu M. Situ, M.D., 
ASSISTANT RESIDENT IN MEDICINE, UNIVERSITY HOSPITAL, UNIVERSITY OF MICHIGAN, 
AND 
ArtTuur C. Curtis, M.D., 
ASSOCIATE PROFESSOR, DEPARTMENT OF INTERNAL MEDICINE, UNIVERSITY OF 
MICHIGAN, ANN ARBOR, MICH. 


(From the Department of Internal Medicine, University of Michigan.) 


Frew cases of proved endocarditis occurring during the course of 
undulant fever (brucellosis) have been reported. Hughes,’ in 1897, 
reported the postmortem findings in 3 fatal cases of Malta fever; 
in 1, vegetations were discovered on thickened mitral valve leaflets 
and the organisms were obtained from the spleen; the second was 
a return case with a fatal relapse with positive splenic cultures, 
a small aneurysmal dilatation above the posterior left semilunar 
valve, and vegetations on all 3 cusps; the third had warty vegeta- 
tions on the mitral valves, and culture showed the “characteristic 
growth from the spleen.”’ Scott and Saphir'* observed a patient 
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with rheumatic heart disease who developed undulant fever com- 
plicated by embolic accidents. Repeated blood cultures were posi- 
tive for Brucella abortus. Postmortem examination showed numer- 
ous friable vegetations superimposed on scarred mitral and aortic 
valve leaflets. Rennie and Young" observed a patient with positive 
blood culture for Brucella abortus, whose illness was also compli- 
cated by embolic phenomena. Postmortem examination showed 
friable vegetations containing numerous aggregations of bacilli rest- 
ing on a stenotic and calcareous mitral valve. de La Chapelle® 
observed a patient with positive blood culture for Brucella meliten- 
sis A. Postmortem examination revealed that the anterior aortic 
valves were almost completely destroyed and replaced by a mass of 
fused vegetations blocking the aortic orifice. The posterior aortic 
valve was thickened and supported a pea-sized vegetation. Levy 
and Singerman™ reported a fatal case with positive blood culture 
for Brucella melitensis in which the mitral valve showed a friable 
vegetation, the valve itself showing fibrous thickening. A smear 
from the vegetation showed many small Gram-negative bacilli. 
Gounelle and Warter® observed a patient with positive blood culture 
for Brucella melitensis. Postmortem findings included ulcerovegeta- 
tive endocarditis of a calcific aortic ring. Casanova and d’Ignazio* 
reported a case of aortic endocarditis developing after 3 months of 
Malta fever. Postmortem findings included vegetative aortic endo- 
carditis and infarcts in the spleen and kidneys from which Brucella 
melitensis was obtained in pure culture. Three additional cases of 
endocarditis occurring during the course of undulant fever, but 
without postmortem confirmation, have been reported by Lagriffoul, 
Roger, and Sarradon,” Gate and Ravault,* and Knighton." Despite 
the increased incidence of recognized brucella infection there is still 
a scarcity of reported cases of brucellosis with endocarditis. It is 
for this reason that we present the following case of endocarditis 
occurring during the course of brucellosis, with a fatal termination 
despite treatment with sulphanilamide. 


Case Report. B. C., a 47-year-old farmer, was admitted to the Uni- 
versity Hospital on June 6, 1938. Multiple joint pains occurred at the age 
of 12. In early adult life he had been refused insurance because of “heart 
disease.’’ Progressive shortness of breath had been present for 4 years. 
The patient drank raw milk but had never had abortions among his cattle, 
which, however, had not been tested for Bang’s disease. In February, 
1938, the patient had had a severe sore throat with temperature elevation 
to 103°. He remained acutely ill for 10 days and then recovered except 
for the daily return of afternoon fever ranging from 100° to 102°, on one 
oceasion to 105°, with drenching nightsweats. Despite bed rest he noted 
increasing weakness and fatigue, shortness of breath, a 10-pound weight 
loss, and migratory joint pain. The family physician began a course of 
sulphanilamide, which was continued for 2 weeks, at first 6 gm., then 5 gm., 
and later 4 gm. daily. The joint pain disappeared 3 days after beginning 
sulphanilamide therapy. 

On admission to the University Hospital the patient’s temperature was 
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101.8°, pulse 116, respirations 20, and blood pressure 120/74. The skin 
was warm and moist. The pupils were slightly irregular and reacted slug- 
gishly to light and accommodation. There was no lymphadenopathy. The 
chest was negative. The left border of cardiac dulness was 10 cm. to the 
left of the midsternal line in the fifth interspace. The cardiac rate was 
rapid but the rhythm was regular. There was a systolic murmur at the 
apex transmitted into the axilla and heard over the entire chest. The 
peripheral vessels were moderately tortuous and sclerotic. The abdomen 
was negative. The prostate was not enlarged. Examination of the extremi- 
ties revealed no abnormalities. 

The Kahn test was negative. Admission urine examination was negative, 
and subsequent weekly examinations showed no urinary abnormality. 
Hemoglobin was 84° , erythrocyte count 4,340,000, and leukocyte count 
8800, with a differential of 66°% neutrophils, 4°% eosinophils, 25°% lympho- 
cytes, and 5% monocytes. The routine stool examinations were negative. 
The patient’s weight on admission was 142.5 pounds; during the 57 days 
of hospitalization his weight gradually decreased to 127 pounds. The 
temperature varied from 97.6° to 105°, showing an afternoon peak which 
was more septic than undulant in character; the average for the after- 
noon peak was 103°. The pulse varied over a wide range from 70 to 
150 per minute with close correlation with the fluctuations of temperature. 

On June 9, 1938, an endermal test of 0.1 ce. Brucellergin showed a 
positive reaction, the blood serum showed positive agglutination for 
Brucella abortus in dilutions up to and including 1 to 1280, and the neutro- 
phils showed 8% slight, 58° moderate, and 34°, marked cytophagocytic 
activity to Brucella abortus organisms. A blood culture taken at that 
time was subsequently reported as showing Brucella abortus organisms. 

On June 10, 1938, the patient received 25 million killed typhoid organisms 
in the morning and again in the afternoon, the temperature rising to 105° 
90 minutes after each injection. On June 16, the patient received 2 doses 
of 100 million killed typhoid organisms each, the temperature again rising 
to 105° 90 minutes after each injection. No appreciable therapeutic result 
was noted. On the 16th, sound tracing (Fig. 1) taken at the cardiac apex 
showed splitting of both heart sounds and a systolic murmur. On the 20th, 
sulphanilamide therapy was instituted; by the 23d, a blood sulphanilamide 
level of 9 mg. per 100 cc. was reached, and a blood culture obtained on that 
day was subsequently reported as showing no growth. Four days later, the 
blood sulphanilamide level was 6.6 mg. and on June 29, sulphanilamide 
therapy was discontinued on its ninth day because of cyanosis, anorexia, 
and what was at that time regarded as a favorable effect on the febrile 
course. However, shortly thereafter the temperature curve again became 
septic, though blood culture obtained on July 6 was subsequently reported 
as showing no growth. One week later, scattered petechi# appeared over 
the right lower leg. A blood culture obtained on that day was subsequently 
reported as showing Brucella abortus, the neutrophils showed 32°, mod- 
erate and 68% marked cytophagocytic activity to Brucella abortus organ- 
isms, and the blood serum showed positive agglutination for Brucella abor- 
tus up to and including 1:1280, with cross-agglutination for Brucella suis, 
1:640, and Brucella melitensis, 1:40. At that time, a clinical diagnosis of 
Brucella abortus endocarditis was made and sulphanilamide therapy re- 
sumed. Also, on that day roentgenographic examination of the chest 
showed no evidence of active intrathoracic disease, but a slight increase in 
the heart size as compared with the previous examination on admission 
(Fig. 3). On July 16, an aortic diastolic murmur was heard for the first 
time. On that day many more petechie# were present. Two days later, 
the patient received a 700 cc. blood transfusion. On the 23d, the blood 
sulphanilamide level was 11.2 mg. and the petechis on the ankle had 


Fic. 1.—Sound tracing taken at the cardiac apex on admission, showing splitting of 
both heart sounds and a systolic murmur. 


Fig. 2.—Sound tracing taken at the cardiac apex 6 weeks after admission, showing 
the long split first sound and systolic murmur as before, and the new presystoli: 
and protodiastolic sound and the prominent new protodiastolic gallop sounds. The 
accompanying electrocardiogram shows right bundle branch block, and evidence of 


progressive myocardial damage 


lig. 3. —Roentgenographic appearance of the chest on admission, showing no evidence 
of intrathoracic disease, and relatively normal cardiac silhouette. 
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Fic. 4.—Roentgenographic appearance of the chest 7 weeks after admission, show- 
ing the marked increase in the size of the cardiac silhouette, and accompanying 
pulmonary congestion at both lung bases. 


Fia. 5 Fic. 6 
Fic. 5.—Aortic valve showing the large ulcero-thrombotic vegetation almost 
occluding the lumen of the aortic valve, and resting on scarred valve leaflets. 
Fic. 6.—Right auricle, showing an aneurysmal dilatation of the septal wall with 
its mouth (not visible) in the area of ulceration of the aortic valve. 
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cleared. A sound tracing (Fig. 2) taken at the cardiac apex showed a long 
split first sound, a systolic murmur, both presystolic and protodiastolic 
extra sounds, and a prominent protodiastolic gallop sound; the accompany- 
ing electrocardiograms showed right bundle branch block. On July 24, 
the patient complained of sudden transient precordial pain, respirations 
increased, and a faint precordial friction rub was heard. On the following 
day the leukocyte count had risen to 19,000, the cardiac apex was percussed 
at 11.5 em. to the left of the midsternal line at the fifth interspace, and there 
was a distinct friction rub at the apex. Sulphanilamide therapy was dis- 
continued (on twelfth day). On August 1, roentgenographic examination 
of the chest (Fig. 4) showed a marked increase in the size of the cardiac 
shadow since admission, and signs of diffuse pulmonary congestion. An 
electrocardiogram showed right bundle branch block and changes suggestive 
of extensive myocardial damage. That evening respirations ceased. 

Necropsy Findings. Although a complete necropsy was done, only the 
pertinent findings are reported. The thorax contained 650 cc. of watery 
yellow fluid on the left and 500 ec. on the right. The pericardium was 
slightly distended and contained 200 cc. of clear yellow fluid; the pericardial 
surfaces were smooth. 

The heart was roughly globular in shape, measured 18.5 by 13.5 by 6.25 em. 
and weighed 500 gm. The mitral valve was 100 mm. in circumference, the 
valve flaps showed normal apposition with no fibrosis. The aortic valve 
measured 54 mm. in circumference and on the posterior valve flap on the 
left, and also involving to a lesser extent the posterior valve flap on the 
right, was a large firm ulcerative thrombotic vegetation measuring 1.5 by 
3 cm. in size, almost completely occluding the lumen of the aortic valve 
(Fig. 5). There were patchy areas of calcification throughout the aortic 
valve leaflets, and at the attachment of the vegetation to the myocardium 
was an area of calcification. In the right auricle was a mass extending out 
into the lumen of the auricle for a distance of 3 cm., measuring 1.5 by 
1.5 em. in diameter. This mass (Fig. 6) had ulcerative surfaces and ap- 
peared to be an aneurysmal dilatation of the septal wall with its mouth in 
the area of ulceration of the aortic valve. The tricuspid valve showed old 
adhesions between the two valve flaps with secondary contraction and 
limitation of free movement. On the posterior medial flap was a 1 cm. 
sized ulcerative vegetation showing superficial thrombosis. Microscopic 
examination showed old sclerosis and calcification of the aortic valve with 
acute vegetative endocarditis made up of colonies of organisms, fibrin, and 
large cells resembling Aschoff cells. There was advanced coronary athero- 
sclerosis and calcification in the stroma. 

The spleen was large, soft and flabby. It weighed 380 gm. and showed 
congestive changes. The liver weighed 2150 gm. and showed an acute 
exacerbation of chronic congestion (nutmeg liver). 

Bacteriologic Studies.* The organism grown from the blood cultures 
obtained from the patient was a tiny Gram-negative cocco-bacillus which 
would not grow without carbon dioxide. It did not ferment any of the 
carbohydrates tested. It agglutinated specific antisera (Mulford’s) as 
follows: 

Br. abortus. Br. melitensis. 


1:320 
2d blood culture Ad) }:320 


The dye and hydrogen sulphide production reactions were puzzling so 
the culture obtained from the patient’s blood was then sent to Dr. I. Forest 


* Miss Marion E. Pellett, Bacteriologist, Clinical Laboratories, University 
Hospital. 
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Huddleson, Michigan State College, who stated that “we have found the 
culture to be Brucella abortus. The fact that it will not grow in the 
absence of 10% carbon dioxide air content immediately identifies it as an 
abortus. We were unable to grow your culture on our thionin dye plates, 
but we were able to on the basic fuchsin, using Difco Tryptose agar media. 
The organism did not produce its typical hydrogen sulphide reaction.” 


Comment. We have presented a case of brucellosis who developed 
an acute ulcerovegetative endocarditis on previously existing aortic 
valvular scars. In addition to typhoid vaccine induced hyper- 
pyrexia, the patient received 3 courses of sulphanilamide therapy. 
Sulphanilamide and related compounds have been reported by num- 
erous authors!~*.61014.15.17,19-22 to be almost uniformly adequate for 
uncomplicated Brucellosis but it was of no value in this case. 

The patient gave a history of rheumatic fever. The organisms 
of a Brucella abortus septicemia probably lodged and vegetated 
upon the valves scarred by the old valvulitis. This mechanism of 
endocarditis production is similar to that observed in cases of 
subacute bacterial endocarditis. The valvular vegetations un- 
doubtedly served as a focus to reinfect the blood stream following 
each course of sulphanilamide, as was evidenced by a negative 
blood culture obtained after one such course, and the reappearance 
of a Brucella abortus septicemia heralded by petechize. The pres- 
ence of preéxisting cardiac valvular scars, which may serve as a 
foundation for the formation of a vegetative focus of reinfection, 
may be responsible for occasional failures in the use of sulphanil- 
amide as a chemotherapeutic agent in the treatment of brucellosis. 

Summary. 1. Nine previously reported cases of brucellosis endo- 
carditis with postmortem confirmation have been reviewed. 

2. Another autopsied case of brucellosis with aortic vegetative 
endocarditis, refractory to 3 courses of sulphanilamide therapy, has 
been presented. 
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THE EFFECT OF SULPHANILAMIDE UPON 
SPERMATOGENESIS IN MAN. 


By Norats J. Hecket, M.D., 
CLINICAL INSTRUCTOR IN UROLOGY, RUSH MEDICAL COLLEGE; ASSISTANT UROLOGICAL 


SURGEON, PRESBYTERIAN HOSPITAL, 


AND 


C. G. Hort, B.S., 


CHICAGO, ILLINOIS. 


(From The Thompson Urological Fund, Rush Medical College, University of Chicago, 
and Central Free Dispensary.) 


THE administration of sulphanilamide derivatives to man has 
been thought to influence spermatogenesis.'* To study this obser- 
vation, the semen from 11 selected patients was analyzed before 
and after sulphanilamide was given. 


Method of Examination. The semen was obtained by having the patient 
ejaculate directly into a wide mouth, dry, glass container, and the amount 
of the specimen was measured in cubic centimeters, after liquefaction had 
occurred. The spermatozoa were then counted on a standard blood counting 
chamber. A white blood counting pipette was used, and a diluent of soda, 
formalin and water. Thirty-two to sixty-four white blood counting squares, 
depending upon the concentration of the spermatozoa, were counted and the 
ordinary calculation used to express the number of spermatozoa in a cubic 
centimenter. The total number of spermatozoa in the specimen was obtained 
by multiplying the number in each centimeter by the cubic centimeters in 
the specimen. 

The table shows the number of specimens examined; the total number of 
spermatozoa and the percentage alive, before, during, and after treatment; 
and the time specimens were obtained in relationship to the treatment. 

The sulphanilamide was given by mouth in the form of prontylin up to 
a total of 40 grains daily, except when the drug was not tolerated, and then 
the dose was reduced, or the patient put on a rest period for 2 or 3 days. The 
duration of treatment, in days, is given in the table. 


Conclusions. In contrast to other reports, these data indicate that 
in 11 patients there were no noteworthy effects upon the total 
number, nor percentage of live spermatozoa from the use of sul- 
phanilamide. 

Such variations as shown in the total spermatozoa counts during 
and after treatment are no greater than the variations which occurred 
before the drug was given. 
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TABLE 1. 


Patient. 


W.S. 


D. McA. . 


R. M. 


E. R. . 


Before treatment.| Treatment. 


Amt 
Total of 
Age. sperma- % sulph- 
tozoa live anil- ms 
count |sperm.) amide | 
(millions). given | 8'ven 
| (gr.).* 
23 306.1 20 600 24 
149.4 10 
151.8 0 
18 859.3 90 800 56 
797.9 0 
352.0 90 
930.0 90 
209.0 75 400 18 
264.0 80 
118.4 85 
260.4 75 
247 .2 60 
166.3 20 
209.7 75 
59 207 .9 90 800 42 
257 .3 90 
278 l 8&5 
48 320.9 45 600 22 
278.8 15 
172.8 60 
142.0 R5 
45 277.8 80 400 24 
294.0 8O 
453.6 95 
278.4 85 
476.8 80 
139.9 70 
32 172.2 80 400 16 
143.7 80 
127.7 90 
136.4 90 
48 1,042.4 90 800 58 
543.2 80 
363 .3 90 
489.6 85 
18 163.2 85 600 20 
234.3 85 
207 .0 90 
235.4 80 
22 471.4 90 800 57 
395.5 90 
391.7 70 
28 348.7 75 720 36 
296.0 25 
346.8 | 80 
401.9 65 


EFFECT OF SULPHANILAMIDE 


ON SPERMATOZOA. 


During and after treatment. 


lime specimen 
was obtained 


Total 
sperma- % After After 
tozoa live 
count treat- treat- 
(millions) ment 
, begun | stopped 
days. days. 
30.7 10 3 
55.9 15 13 
183.6 90 1 
184.7 R5 25 
463.4 90 32 
338.5 85 36 
768.0 90 7 
481.2 75 20 
459.3 90 28 
473.8 70 44 
334.2 00 51 
531 75 54 
300.0 4 
414.4 75 10 
583 .2 90 4 
308 .6 RO 4 
554.2 75 11 
301.8 60 29 
341.9 70 23 
390.6 35 37 
274.4 40 4 
345.6 40 1D 
94.4 90 4 
255.8 
256.8 R0 18 
145.8 75 4 
175.0 R5 10 
123.9 65 8 
129.3 80 22 
800.0 70 7 
136.2 60 14 
638 .0 85 21 
624.0 75 28 
498.4 50 35 
145.8 70 56 
345.0 80 12 
252.7 85 7 
240.4 8&5 14 
238 .3 80 18 
276.1 90 2 
261.3 85 6 
579.9 90 7 
369.0 80 2 
424.6 80 21 
384.8 85 28 
422.1 85 32 
400.2 90 43 
444.8 90 51 
485.8 90 57 
460.6 85 14 
327.1 75 11 
304.4 50 18 
303 .3 60 25 
331.5 85 28 
290 .6 60 36 


* The sulphanilamide was given by mouth under name of “ Prontylin.” 
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TREATMENT OF PNEUMONIA WITH TYPE-SPECIFIC 
IMMUNE RABBIT SERUM.*{ 


By VeRNER B. Ca.Ltomon, M.D., 
ATTENDING PHYSICIAN; HEAD OF DEPARTMENT OF RESPIRATORY DISEASES, ALLEGHENY 
GENERAL AND MONTEFIORE HOSPITALS, PITTSBURGH, PA. 


(From the Department of Respiratory Diseases, Medical Division, Allegheny General 
Hospital.) 

TYPE-SPECIFIC immune rabbit serum was first proposed for the 
treatment of pneumococcus pneumonia by Horsfall, Goodner, 
MacLeod, and Harris* in May, 1937. Its introduction for clinical 
use followed in logical sequence upon their previous experimental 
studies. Therein it had developed that this product differs from 
horse antiserum in a number of ways, several of which suggest that 
rabbit antiserum might prove to be the more efficient.** It had been 
found that the rabbit produces serum of considerably higher mouse- 
protective potency than the horse; that the rabbit antibody is 
relatively much smaller in size than the horse antibody and there- 
fore might be expected to penetrate tissues more readily ;? that the 
mouse-protective power of rabbit antiserum is maintained regard- 
less of the size of the dose,'* although that of horse antiserum fails 
entirely when greater than optimal amounts are given; and that 
the mouse-protective power of rabbit antiserum is not inhibited by 
the addition of physiologic amounts of cholesterol and cephalin, as 
is the case with horse antiserum.” 

In February, 1938, these investigators” reported their experience 
with a series of 67 patients treated with unconcentrated type-specific 
antipneumococcus rabbit serum prepared according to a definite 
technique. Included in the series were cases of Types I, II, III, 
V, VI, VII, VIII, XIV, and XVIII. Of 13 patients with Type Ili 
pneumonia, 6 died, and the authors concluded there was no evidence 
that homologous rabbit antiserum had been of benefit in this type. 
However, of the remaining 54 patients, only 1 with Type I and 1 
with Type II pneumonia died. The resulting mortality rate was 
t% for 25 Type I cases, 10% for 10 Type II cases, and 3.7% for 
the whole series exclusive of cases of Type III. 

In August, 1938, Loughlin, Bennett, and Spitz’ reported a series 
of 69 patients with lobar pneumonia similarly treated. These 
included cases of Types I, I, V, VII, VIII, and XIV. Of 28 patients 
with Type I pneumonia, 3 died—a mortality of 10.7%. Of 16 
patients with Type II pneumonia, 2 died—a mortality of 12.5%. 
As these were the only fatalities, the mortality rate for the whole 
series was 7.2%. 

* Read before the monthly scientific meeting of the Allegheny County Medical 


Society, December 20, 1938. 
t Valuable aid in this study was given by Dr. Frank A. Pugliese. 
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In this paper a report is made of an additional series of 45 patients 
treated with type-specific antipneumococcus rabbit serum during 
the past year in Pittsburgh. Included in the series are cases of 
pneumonia of Types I, II, IV, V, VII, and VIII. The only factor 
entering into their selection was the availability of a homologous 
immune serum at the time of their admission. In the majority 
of cases the product employed was unconcentrated, and similar to 
that used by the aforementioned investigators. In a few of the 
more recent cases a concentrated preparation was administered. 

All cases reported had roentgenographic evidence of consolida- 
tion, and either a positive blood culture or sputum in which the 
pneumococcus was the predominating organism. A history, physical 
examination, urine analysis, blood count, blood culture, sputum 
examination, and roentgenogram of the chest were obtained routinely 
on admission. Blood cultures were taken at 2-day intervals or more 
frequently when indicated. Identification of the type of pneumo- 
coccus present in the sputum was made by the Neufeld method and 
in many cases confirmed by passage through the mouse. Prior 
to instituting treatment all patients were given ophthalmic and 
intracutaneous tests for sensitivity to the specific serum which was 
to be used. The usual precautions, advisable in all serotherapy, 
were observed. Where a positive intracutaneous test was asso- 
ciated with a negative ophthalmic test, the administration of serum 
was undertaken, but with more than the usual caution. 

All serum was given intravenously. At first, doses of 20,000 
units were given at 2-hour intervals until the temperature fell and 
showed no further tendency to become elevated. Later this plan 
of treatment was altered, as the administration of larger doses 
seemed preferable in order to introduce the total_dose in as short a 
time as possible and spare the patient the discomfort of unneces- 
sarily numerous injections. Thereafter, following an initial dose 
of 20,000 units, one or more doses of 100,000 units were given until 
it was apparent that the disease was being brought under control. 
Subsequently, smaller doses were given as seemed indicated until 
recovery was complete. In several patients one injection of 100,000 
units following the initial dose of 20,000 units was sufficient to secure 
the desired result. Supplementary treatment consisted only of 
dietary regulation and symptomatic treatment, including oxygen 
administration, when indicated. 

Ten patients with Type I pneumonia were treated. The important 
features of these cases are outlined in Table 1. They ranged in age 
from 21 to 55 years. Three patients had consolidation of more than 
one lobe. Serum treatment was instituted on the second day of the 
disease in 2 patients, the third day in 3 patients, the fourth day in 
3 patients, and the fifth day in 2 patients. The quantity of serum 
administered varied from 120,000 to 300,000 units, and averaged 
207,000 units. However, the first 3 patients in this group were 
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given additional serum after the fever had subsided, because it was 
feared that a reversal of the favorable trend might occur if treat- 
ment were stopped too soon. Disregarding this additional dosage, 
the average quantity of serum administered prior to recovery was 
185,000 units. In 9 patients the course of the disease terminated 
prematurely, recovery from the acute phase having occurred in from 
9 to 32, or an average of 17 hours after serum administration was 
started. Two patients were delirious on admission. Pneumonia in 
1 patient was complicated by post-tuberculous fibrosis of the lung. 
Only 1 of this group had bacteremia. All patients with Type I 
pheumonia recovered. 


TaBLe 1.—Data on Cases or Type I Pneumonia TREATED WitH Type I 
RaBBit ANTISERUM. 


L.H 21 F l 4 4 140 7 10 | R 
G.H 28 M 4 4 240 12 1S R 
A.J 40 F l 4 4 200 10 16 + R 
M. T. 55 F 2 3 4 120 2 9 2 + R 
A.N 38 M l 5 6 240 3 12 + R 
J.M 26 M l 3 4 300 3 23 + R 
W.A 21 M | 2 3 240 6 21 + R 
M.A 53 M 2 3 } 160 2 32 R 
W.R. [| 33 | M 2 5 § | 280 3 | 50 4 R 
F. M. 26 F l <1 2 3 150 2 12 + R 


Twenty patients with Type II pneumonia were treated. The 
important features of these cases are outlined in Table 2. Their 
ages ranged from 13 to 58 years. Three patients had consolida- 
tion of more than one lobe. Serum treatment was instituted on the 
first day of the disease in 1 patient, the second day in 8 patients, the 
third day in 4 patients, the fourth day in 5 patients, the sixth day 
in 1 patient, and the seventh day in 1 patient. The quantity of 
serum administered to those patients who recovered varied from 
100,000 to 600,000 units, and averaged 299,000 units. However, 
disregarding additional serum given to 4 patients in this group after 
the fever had subsided, the average quantity administered was 
277,000 units. In 16 patients the course of the disease terminated 
prematurely, recovery from the acute phase having occurred in from 
10 to 60, or an average of 27 hours after serum administration was 
started. In 1 of the remaining patients serum treatment was insti- 
tuted on the seventh day because of intense toxemia, and crisis 
occurred within 12 hours. Of the 20 patients with Type II pneu- 
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monia 19 recovered; | of these had syphilis, 2 were delirious on admis- 
sion, and | had chronic cardiac valvular disease with auricular fibril- 
lation and a blood culture showing innumerable colonies per cc. Four 
patients in this group had bacteremia. The one death occurred in 
a patient whose blood culture showed 50 colonies per cc. and who 
developed pneumococcus meningitis. 


TABLE 2.—Data on Cases or Type II Pneumonia TREATED WitH Type II 
RABBIT ANTISERUM. 


| | | | Serum 
3 © © 2 reactions. 

6 | | 45] 28] 28) | 83] § 

3. tr 25 F 1 3 4 220 11 15 R 
G. G. 24 M 1 3 4 240 12 24 R 
H. J. 42 | M 1 2 3 420 12 33 R 
v.42. 53 | M 1 2 4 320 16 45 R 
D. H. 37 M 1 2 5 320 16 60 4 R 
= # 38 M 1 3 4 180 9 44 + R 
M. V. 34 F 1 <1 2 3 140 7 15 + R 
C. M. 55 Fk 1 1 3 400 17 33 + R 
H. 8. 48 M 1 3 6 560 15 78 | R 
S. K. 15 M 1 4 6 320 8 41 + R 
J.F 42 M 1 2 3 600 14 36 R 
P.H 16 | F 1 4 5 120 2 10 l + R 
D:.é 13 F 1 4 5 120 2 10 1 + R 
D: J 58 M 3 50 6 14 800 11 D 
H.S. 49 M 1 10 2 4 300 3 26 l + R 
W.N. 15 M 2 7 7 240 3 12 R 
J. Z. 53 F 1 * 2 2 360 | 9 23 + R 
J.-M 30 M 2 4 5 460 7 22 l + R 
R.A 54 M 1 4 5 270 4 27 2 R 
F.S 32 Fk l 2 3 100 3 15 R 


* Innumerable. 


The important features of cases of pneumonia of Types IV, V, 
VII, and VIII are shown in Table 3. Only 1 patient with Type IV 
pneumonia was treated—a 46-year-old male with consolidation of 
two lobes. He had a bacteremia of 60 colonies per cc., and was 
also afflicted with cerebrospinal syphilis. Serum treatment in 200,000 
unit dosage was started on the fourth day of his illness. He recovered 
by crisis within 8 hours, when only 160,000 units of the total dosage 
had been administered. 

Seven patients with Type V pneumonia were treated. Their 
ages ranged from 21 to 57 years. Four patients had consolidation 
of more than one lobe. Serum treatment was instituted on the second 
day of the disease in 1 patient, the third day in 3 patients, the fifth 
day in 2 patients, and the seventh day in 1 patient. The quantit) 
of serum administered varied from 200,000 to 400,000 units, and 
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averaged 280,000 units. In 5 patients the course of the disease 
terminated prematurely, recovery from the acute phase having 
occurred in from & to 32, or an average of 16 hours after serum admin- 
istration was started. In 1 other patient, serum treatment was not 
started till the seventh day of the disease, when the blood culture 
first became positive. This patient recovered by crisis within 15 
hours. One patient was delirious on admission, 1 had syphilis, and 
another, whose fever did not subside until 10 days after the onset 
of pneumonia, suffered from a concurrent attack of pyelitis. Two 
members of this group had bacteremia. One of these, with a blood 
culture of 40 colonies per cc., had marked pulmonary edema on 
admission and apparently had a hopeless prognosis. All 7 patients 
recovered. 

TaBLe 3.— Data on Cases oF PNeuMONIA OF Types IV, V, VII, anp VIII Treatep 

Witn Homovocous Rassit ANTISERUM. 


Serum 
reactions. 


ae E.P. | 46 M 2/60 / 4 4 | 200 4 8 R 
P.M. | 57 M 3 5 | 10] 240 | 12! 120 R 
G. J. ) M 2 <1 7 8 300 3 15 R 
Type | C: 3: 45 M 1 3 3 | 200 3 8 + R 
3 | 320 | 3] 32] 2 R 
c. 6. 21 M 1 3 4 | 300 4 16 R 
é. ©. 37 M l 2 2 200 3 Ss 1 R 
ih! 55 M 2 40 5 5 400 4 14 l + R 
Type | 5 G 32 M 2 2 7 | 460 6 | 104 4 R 
G.s 51 | * 9 | 17 | 540 D 
F.D 19 M l 3 4 200 3 9 1 R 
H. I 34 M 1 3 3 | 400 7 9 + R 
Type L.S 29 M l 4 5 220 3 12 l + R 
vi | 8: P 32 M 1 2 3 | 160 13 R 
F. ¢ 38 M l 20 4 5 220 16 R 


* Innumerable. 


Three patients with Type VII pneumonia were treated. One, 
32 years old, with consolidation of two lobes and a negative blood 
culture, recovered by lysis on the seventh day of his illness, although 
serum treatment in 460,000 unit dosage had been instituted on the 
second day. Another patient, with consolidation of one lobe and 
a negative blood culture, recovered by crisis on the fourth day of 
his illness, 9 hours after serum administration in 200,000 unit dosage 
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had been instituted. The remaining patient, a 51-year-old male with 
consolidation of one lobe, had a bacteremia of innumerable colonies 
per cc. when admitted on the ninth day of his illness. Although 
540,000 units of serum were administered, meningitis developed 
and death occurred 8 days later. 

Four patients with Type VIII pneumonia were treated. Their 
ages ranged from 29 to 38 years. All had consolidation of only 
one lobe. Serum treatment was instituted on the second day of the 
disease in 1 patient, the third day in | patient, and the fourth day 
in 2 patients. The quantity of serum administered varied from 
160,000 to 400,000, and averaged 250,000 units. However, disregard- 
ing 120,000 units additional serum given to | patient in this group 
after the fever had subsided, the average quantity administered 
was 220,000 units. In all 4 patients the course of the disease termi- 
nated prematurely, recovery from the acute phase having occurred 
in from 9 to 16, or an average of 13 hours after serum administration 
was started. One patient had diabetes mellitus and syphilis, and 2 
were alcoholics and were delirious. One patient in this group had 
bacteremia. 

Comment. In this series of 45 patients with pneumococcus pneu- 
monia 2 deaths occurred —a mortality rate of 4.4%. Twelve patients 
had involvement of more than one lobe; in 6 of these the consolida- 
tion was bilateral. No cases of empyema were observed. In 1 case 
a sterile pleural effusion formed, but was absorbed without becoming 
infected. 

In 36 (80% of the cases) the course of the disease was apparently 
shortened by serum administration, recovery from the acute phase, 
as evidenced by subsidence of fever, reduction of pulse and respira- 
tory rates and a marked improvement in the subjective symptoms, 
having occurred in from 8 to 60, or an average of 20 hours after 
institution of specific therapy. In 2 of the remaining cases, treat- 
ment was not started till the seventh day of the disease; and in | 
other case the clinical course was modified by the presence of active 
pyelocystitis of non-pneumococcal origin. 

In 15 patients, apparent recovery from the active pneumonic pro- 
cess was followed for several days by a low-grade irregular fever, 
which was unattended by other symptoms or signs of illness. In 
11 of these the fever terminated with some frank manifestation of 
serum sickness, such as urticaria or polyarthritis. In,the other 4 
it subsided without any other evidence of serum sickness having 
appeared. 

Ten patients in this series of cases had bacteremia. Included 
among them were | case of Type I pneumonia, 4 cases of Type II, 
1 of Type IV, 2 of Type V, 1 of Type VII, and 1 of Type VIII. 
Although the only 2 fatal cases encountered were members of this 
group, it is important to note that in 4 cases with bacteremias of 
from 20 to innumerable colonies per cc. recovery occurred within 
from 8 to 23 hours of the institution of serum treatment. 
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Certain features of the 2 fatal cases are of interest. One patient, 
a 58-year-old male with Type Il pneumonia, was admitted on the 
sixth day of his illness with consolidation of the whole right lung. 
When first seen he had a bacteremia of 50 colonies per cc. Serum 
(240,000 units) was given over the sixth and seventh days of the 
disease. As at this time the temperature dropped to normal and 
the patient showed marked improvement, serum administration 
was stopped. After 2 days of approximately normal temperature, 
fever again developed, along with symptoms and signs of meningeal 
irritation. Notwithstanding the administration of 460,000 additional 
units of antiserum intravenously and 100,000 units intraspinally, 
the patient died of T'ype I] pneumococcus meningitis on the four- 
teenth day of the disease. Five consecutive blood cultures had 
shown 50, 0, 10, 0, and 5 colonies per cc., respectively. In view of 
the patient’s age, the late stage of the disease at the time the patient 
came under observation, and the heavy bacteremia, probably 
much more than 240,000 units of serum should have been adminis- 
tered without interruption, regardless of the apparent immediate 
improvement. 

The other patient, a 51-year-old male with Type VII pneumonia, 
was admitted on the ninth day of his illness with consolidation of 
the left lower lobe. Before serum administration was started he 
had a bacteremia of innumerable colonies per cc. On the following 
day the blood culture showed 25 colonies per cc., and on the second 
day after admission less than 1 colony per cc. Simultaneously the 
patient showed considerable clinical improvement subjectively and 
objectively. However, after 540,000 units had been administered, 
the available supply of serum was exhausted, and specific treatment 
was stopped. Thereafter the bacteremia increased and the patient 
developed Type VII pneumococcus meningitis. Serial daily blood 
cultures showed a steady progression to innumerable colonies per 
cc. and the patient died on the seventeenth day of his illness. Not- 
withstanding the fatal termination, it is noteworthy that the blood 
invasion was reduced from innumerable to less than 1 colony per cc. 
during serum administration. 

No serious serum reactions were encountered in this study. All 
ophthalmic tests were negative, although a number of moderately 
positive intracutaneous tests were observed. Fourteen patients 
had a thermal reaction — usually about 1 hour after serum administra- 
tion. In 11 of these it followed only the initial dose. In the remain- 
ing 3 patients it occurred after 2 successive doses. No ill effects 
apart from discomfort were observed in connection with these reac- 
tions. A chill followed serum administration in only 1 of the 2 
fatal cases and did not seem to have any bearing on the outcome. 
When thermal reactions occurred, they did not seem to have any 
relation to the lot of serum used, the size of the dose given, or the 
rate of administration. No salicylates or other drugs were given with 
the purpose of preventing their occurrence. 
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Serum sickness occurred in 22 (49%) of the patients who recovered. 
It became manifest on an average of 11 days after the first dose of 
serum was administered. In 18 patients urticaria was present, but 
in only 3 was it extensive or prolonged. Fever occurred in 10 
patients, and sometimes continued more than a week. In 12 patients 
polyarthritis developed, and in 6 it was the dominant feature. 
Symptoms of mild meningeal irritation were a manifestation in 
2 patients. In no cases were the symptoms of serum sickness so 
severe as to outweigh the apparent beneficial qualities of the serum, 
or act as a deterrent to the continued use of this method of therapy. 

Summary. |. A report is made on the treatment of 45 cases of 
pheumococcus pneumonia with homologous type-specific immune 
rabbit serum. Two deaths occurred in this series. 

2. Premature recovery by crisis or rapid lysis ensued in 36 cases. 

3. No serious serum reactions were observed. 

Most of the patients included in this study were treated with serum supplied by 
the Lilly Research Laboratories, Indianapolis. The others were treated with serum 
obtained through the Pittsburgh Department of Public Health. 
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THE RESPIRATORY DEFENSE MECHANISM: ITS RELATIONSHIP 
TO PULMONARY DISEASES. 


By Irvine L. AppLespaum, M.D., 


CHIEF OF LUNG DIVISION, BABIES’ HOSPITAL, NEWARK, N. J. 

(From the Third Medical (New York University) Division and the Tuberculosis 
Service (Columbia University) of Bellevue Hospital, New York, and Babies’ 
Hospital, Newark, N. J.) 

Upon injecting lipiodol into the tracheo-bronchial tree by the 
supraglottic method, it was noted with what ease this could be 
performed upon 2 cases of lung abscess. It was then decided to 
test the pharyngeal (gag) reflex of 6 similar cases to determine 
whether a diminution of these reflexes facilitated the aspiration of 
lipiodol. Four of the 6 revealed either diminished or absent reflexes. 
The thought then arose that these abscesses might have partiall) 
owed their existence to an inherent defect in this defense mechan- 
ism. A study of the various aspects of this protection was then 
planned and any possible relationship to pulmonary diseases, par- 
ticularly suppuration of undetermined origin, was to be noted. 

The respiratory defense hereip alluded to is the purely mechanical 
reflex protection of the pulmonary system in contradistinction to 
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biochemical means—as antibodies, opsonins, bacteriolysins, leukins, 
and so on.2® There are three chief sites—the pharynx, the larynx 
and the tracheo-bronchial tree— which act as a check valve system 
to alien material. This action is combined with a propulsive force 
in an external direction and thus there is a completion of the mechan- 
istic prevention of aspiration. Cough is often associated with these 
reflexes and in this manner further abets removal. As a matter of 
fact, it is really the major phase of the bronchial reflex. Although 
its action is chiefly external, it may also tend to cause a deeper 
(internal) penetration of foreign material. This can be seen by 
observing lipiodol in the lungs after cough, and has been studied 
experimentally by Archibald and Brown,? and others. However, 
the tracheo-bronchial reflex does not depend entirely on cough, and 
retrograde peristalsis has been described by Hudson,” and Ulmar 
and Ornstein.*' There is a second line of defense if the above safe- 
guards fail. Amberson!' suggests, in addition to cough as part of the 
rear guard of the lower respiratory tract, the mechanisms of bron- 
chorrhea, ciliary action and phagocytosis. Defects in any part 
of the system will allow for easier admittance. Aspiration may take 
place in other ways in the normal system—as surprise inspiratory 
blast,” accidental submersion, and so on. 

Material and Procedure. Adults investigated were from the wards 
of Bellevue Hospital—the Tuberculosis Service and the Third 
Medical Division. It is well to mention that these patients were 
from the lower social strata, with poor hygienic standards, a marked 
tendency to imbibition of alcohol, and exhibiting respiratory foci 
above average in frequency and degree. Infants and children were 
studied at the Babies’ Hospital in Newark. The normal portion of 
the control group consisted of private patients, who sought periodic 
health examinations. The subjects were divided into the following 
groups: 

A. Control Group. 

1. Normal—no signs of any disease. 

2. General medical—all varieties. 

3. Chronic lung diseases as tuberculosis, bronchitis, asthma, 
malignancy, pleuritis, and so on. This last subdivision was chosen 
to determine whether any chronic pulmonary disease with a per- 
sistent cough caused any alterations in the respiratory defense 
mechanism. 

B. Lung Abscess Group. Only solitary abscesses of undeter- 
mined origin (Fig. 1) were selected. All fell into this clinical classi- 
fication with a reasonable degree of certainty; some were confirmed 
by surgery and postmortem examinations. Such obvious suppura- 
tions following operations (anesthesia), foreign body aspirations, 
and so on, were excluded. 

C. Bronchiectasis Group. All cases were confirmed by lipiodol 
bronchography (Fig. 2). 
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Reflexes in each case were tested by the same person (author) 
in order to avoid any error attributable to an individual variant. 
However, this still leaves much to be desired, as it is not comparable 
with methods of machine-like accuracy or precision. The pharyn- 
geal reflex was tested in the usual manner with a wooden tongue 
depressor and the degree of the gag action was observed. Each 
reaction was noted as normal, hypersensitive, diminished or absent. 
The laryngeal reflex, involving closure of the glottis and vocal 
cords, and propulsive muscular action, was tested by gently touch- 
ing the laryngeal mucosal surface of the epiglottis with a curved 
metal applicator. A laryngeal mirror was employed here for ob- 
servatory purposes. It is to be noted that the number of gag reflexes 
tested exceeded that of the laryngeal reflexes, for in many of the 
hypersensitive individuals it was impossible to perform the test or 
make observations with any degree of accuracy. The tracheo- 
bronchial reflex was tested in a limited number of cases. It was 
more complicated, more difficult to interpret and subject to just 
criticism, because of the indirect method employed. However, for 
practical purposes, it was deemed of some value. The pharynx 
and larynx were lightly cocainized, and lipiodol instilled into the 
trachea by the supraglottic method. Any coughing was then 
noted and the patient was fluoroscoped to determine the presence 
of this opaque body in the bronchial ramifications and its possible 
expulsion by means other than cough. Of course varied movements 
of the trachea and bronchi have been described by Jackson," but 
these are best viewed through the bronchoscope. 

In addition to these tests the general neuro-sensitivity of each 
case was recorded and an attempt was made to correlate the findings 
with the reflexes. This was determined by the knee-jerk reflex, 
presence or absence of intention tremors, the general disposition 
(nervous, normal, phlegmatic) and the styloid test of Libman.'' 
Cases were labelled as normal, hyposensitive or hypersensitive on the 
basis of these tests. 

In the suppurative pulmonary groups, upper respiratory foci, 
pertinent points in the history and other clinical data were recorded, 
wherever possible. Mouth infections, use of alcohol and sleeping 
habits were particularly stressed. 

As the study progressed, it soon became apparent that not onl) 
natural states, but also simple and therefore easily overlooked fac- 
tors might play important roles. Therefore, examinations were 
made under the following altered conditions: 

A. Adults During Sleep. Five cubic centimeters of lipiodol 
were instilled into the mouth or nose of sleeping individuals. Of the 
25 cases studied, a nasal catheter to simulate post-nasal drip was 
employed in 8. In the remaining 17, lipiodol was gently injected 
into the mouth through a-syringe and cannula to simulate ora! 
disease change. Objection may be raised that lipiodol differs some- 
what from usual respiratory secretions, but it grossly serves the 


Lung abscess selected. Cavitation in right upper lobe surrounded 
pneumonitis 


Fig. 2 Bronchiectasis selected, verified by lipiodol bron hography 


Fic. 3.—Adult during sleep. Lipiodol seen in left hilar area. 


by 


4 
— 
le in. 
h 
al 4 
)- 
aN 
1e | 
| 
r 
1X 
1€ & 
th 
X, 
d, 
ig 
ly ax 
re 
ol 
he 
as 
‘al 
4 
e- 


Adult asleep under influence of alcohol Aplodol seen in left lower 
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5.—Adult asleep under sedation Lipiodol seen in left hilar zone and right 
lower lobe 


Fic. 6.—Infant during sleep. No lipiodol in lung field. Lipiodol seen in stomach. 
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purpose. Roentgen rays were taken within 2 to 5 hours to deter- 
mine the presence of the oil opacity in the lungs. 

B. Adults Asleep Under Alcoholic Influence. These patients 
were not comatose, but could be aroused without difficulty. The 
same procedure was employed as above. 

C,. Adults Asleep Under Sedative Influence. Again these patients 
were not comatose, but could be aroused without difficulty. The 
same procedure was repeated. 

1). Infants and Children (up to 10 Years) During Sleep. Two 
to 3 ec. of lipiodol were instilled in the mouth, and Roentgen rays 
were taken within an hour. 

In about 40 cases of the whole series, lipiodol was watched 
fluoroscopically and checked later by roentgenograms to ascertain 
the efficiency of the secondary defense. 

Results. The following table represents the results of the reflexes 
tested in the various groups: 

Number of 
reflexes 
Number of depressed 
Group. tests. Site. or absent. Percentage. 


Total No. tested 650 Pharynx 180 
(650 cases) 420 Larynx 70 
66 Tracheo-bronchial 38 
2. Control group . 500 Pharynx 106 
(500 cases) 333 Larynx 
(a) Normal... 75 Pharynx 
40 Larynx 


b) Medical . 300 Pharynx 
225 Larynx 

(c) Chronic lung 92 Pharynx 
58 Larynx 

d) Acute 33 Pharynx 
alcoholic 10 Larynx 


Lung abscess 100 Pharynx 
group (100 84 Larynx 
cases) 

Bronchiectasis 50 Pharynx 
group (50 cases) 30 Larynx 


From the above figures it may be reported that 1 of 4 people 
studied in this series has a depressed pharyngeal reflex and 1 of 6 
people has a depressed laryngeal reflex. The various subdivisions 
harmonize in general with the total sample and the total control 
group, with two notable exceptions. In the abscess group 1 out 
of every 2 reveal a deficient protection and in the alcoholic group 
| out of every 3. The tracheo-bronchial reflex, according to our 
standards, showed an inadequate protection and the most sensitive 
area seemed to be at the carina—well recognized by others.“ In 
the group of chronic pulmonary diseases there were no alterations 
in the respiratory defense mechanism and findings were in harmony 
with the total control sample. 

Parallelism of Reflexes. In the whole control group in cases where 
both pharyngeal and laryngeal reflexes were tested (333 cases), 
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228 ran parallel. Of the remaining 105, the laryngeal reflex was 
more sensitive than the pharyngeal in all cases except one. In 
the subdivisions of the control group and in the suppurative groups 
similar percentages existed. Thus in the entire series it may be 
simply stated that in 2 of 3 cases the degree of reaction of both 
reflexes are the same, and in | of 3 cases the laryngeal is more 
sensitive. 

Cough Association. Rather than present each subdivision, it 
was deemed more satisfactory to review the entire series, for there 
were no appreciable differences in the groups. Of 650 pharyngeal 
reflexes tested, cough was elicited in 112 cases (17%). Of 420 
laryngeal reflexes tested, cough was an associated action in 155 
(36+ %). Thus cough was more often associated with the laryngeal 
reflex. 

Neurosensitivity. The entire sample was utilized to determine 
the correlation of neurosensitivity and reflexes. Of the 620 indi- 
viduals analyzed, pharyngeal and laryngeal reflexes ran parallel 
to sensitivity in 457 (73+ %), viz.: when the patient was hypersensi- 
tive, his reflexes were hypersensitive; when the patient was hypo- 
sensitive, his reflexes were diminished. To reduce it simply, in 3 of 
4 cases the general neurosensitivity of the patient was an index of 
the activity of the respiratory defense mechanism. In 1 of 4 cases 
there was a discrepancy. 

Clinical Data on Lung Abscess. Of the clinical notes made in 
conjunction with the study of the lung abscess group (100 cases) 
the following data were accumulated: 


I. A search for upper respiratory foci revealed the following: 
(a) Pyorrhea 
(b) Sinusitis verified by Roentgen ray 
(c) Tonsillitis 
(d) Upper respiratory infection associated with common cold or 
grippe 
(e) Abscess of tooth 
(f) Peritonsillar abscess 
(g) No detectable factors 


II. A clinical study of factors that lead to depression of the reflexes: 
(a) Alcoholic history 
i. Occasional but light drinker 
2. Moderate bouts 
3. Coma or semi-comatose states 
(b) Non-alcoholic factors 
. Fainting spells . 
. Epilepsy 
3. Cerebral apoplexy . 
. Submersion in unclean river 
. Excess sedation 
. Diabetes, non-comatose, but ketogenic state 
. Only possible background—natural nian reflex 
This last condition was seen in other cases, but the other 
factor found was given the preference in recording. 
(c) No detectable factors 
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Thus in 100 cases of lung abscess of unknown origin (so-called 
idiopathic) studied, an etiologic basis could be assigned in approx- 
imately 85%. The background consisted of some focus in the upper 
respiratory tract, especially pyorrhea and some cause for a break 
in the respiratory defense mechanism—especially alcohol or an 
inherent state. In the cases where no detectable factors were found, 
vomitus in alcoholics, and ordinary sleep may further increase the 
percentage. 

Over 50 of these patients were interrogated as to the side they 
slept on. The majority slept on all sides and therefore, no de finite 
association with the location of the abscess could be made. Of the 
rest, who favored one side, the correlation was numerically small 
and, therefore, no conclusion could be drawn. However, it is rea- 
sonable to assume that aspiration occurring during sleep favors 
as the site of suppuration that side upon which the patient is sleeping 
at the moment. As a matter of fact upper lobe abscess can be 
explained by the frequency of aspiration in the recumbent position. 

The bacteriologic study performed in 30% of the cases is not com- 
plete enough to report. Besides, this study has been ably under- 
taken by others; including Bucher,‘ Castellani,* Cohen,* and others. 
The fact that the flora in lung abscess closely identifies itself with 

various organisms frequently associated with pyorrhea® ® is both 

interesting and enlightening. The following organisms may be 
mentioned: Vincent’s spirella, fusiform bacilli, anaerobic strepto- 
cocci, Staph. aureus, Staph. albus, Strep. hemolyticus, M. catarrhalis, 
pneumococci, B. melaninogenicum. 

Bronchiectasis. In a clinical study of the 50 cases, sinusitis veri- 
fied by Roentgen ray and with a noticeable post-nasal drip was 
found in 14. In 7 of these 14 cases there was a natural depression 
of the respiratory defense mechanism. Therefore, an etiologic 
background suggests itself in a small percentage of bronchiectasis 
cases—a break in the respiratory defense mechanism (natural) 
allowing for aspiration from an upper respiratory focus (sinusitis) 
causing a more or less continuous infection of the bronchi. 

Results of Study on the Respiratory Defense Mechanism Under 
Altered Conditions (85 tests on 85 cases). A. Adults during sleep— 
| of 25 aspirated material, as indicated by presence of lipiodol in 
lung fields, when a Roentgen ray was taken (Fig. 3). 

B. Adults asleep under alcoholic influence—14 of 25 were positive 
for aspiration (Fig. 4). 

C. Adults asleep under sedative influence—4 of 10 were positive 
as follows (Fig. 5): 

Salicylate grs. 15 or over—0 of 3 positive. 
2. Ps sraldehyde drams 2 or over—2 of 3 positive. 
3. Luminal grs. 1} or over—1 of 2 positive. 
4. Codeine sulph. grs. 1 or over—1 of 2 positive. 
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D. Infants and children during sleep—1 of 25 was positive and 
this was in a child in a debilitated state. 

These figures demonstrate that alcohol and sedation and even 
normal sleep to a lesser extent tend to depress the respiratory de- 
fense mechanism. Sleep under alcoholic influence made one most 
susceptible to aspiration. Children seemed to have a potent respi- 
ratory defense mechanism. They were not tested under alcoholic 
and sedative influences, as these are negligible factors. 

During the sleep problems it was noted that the unpleasant taste 
of the lipiodol, the handling during the injection and the previous 
apprehensive state of the patient at times were disturbing. For 
the oral injection, people who were mouth breathers were selected 
because of easier accessibility. Incidentally, it seemed that this 
last class tended to compensate for any nasal obstruction by a 
greater depth of inspiration. This possibly made them more prone 
to aspiration from the upper passages. 

Observations made on these sleeping individuals seemed to indi- 
cate other means of protection besides the respiratory reflexes. 
Some would swallow the oil, others spat out the foreign substance 
without waking up; drooling of oil and saliva from the side of the 
mouth was also noted. Several coughed, but kept on sleeping. 
About 25% were awakened by the procedure. In children, despite 
the fact that all slept right on, only 1 showed a small amount of 
oil in the lungs. The outstanding protective mechanism in the 
majority was swallowing (Fig. 6), thus shunting off alien material 
from the respiratory tract. This seemed to be a highly developed 
reflex in infants. It is not an uncommon sight to see an infant, 
apparently asleep, feeding at the mother’s breast. 

Secondary Defense Mechanism. Results of studies in the 40 
subjects after lipiodol injection seemed to indicate that the first 
few minutes comprised the active phase. Coughing and retrograde 
peristalsis were most active then. After the first few minutes (5 to 10) 
there was a second or dormant phase. The lipiodol remained in 
the lungs without much movement and could be observed for days 
thereafter. This is a rather gross index of the lack of complete 
efficiency of the rear guard. 

Comment. A study of the respiratory defense mechanism reveals 
the laryngeal reflex as the real “watch dog” of the lungs. The 
pharyngeal reflex might be regarded as the vanguard and the 
tracheo-bronchial system brings up the rear guard. Once ordi- 
nary fluid substances (as respiratory secretions) pass the larynx, the 
possibility of retention and subsequent damage is increased. Al- 
though there are modes of dealing with foreign material in the lower 
tract, the protection is not completely adequate and undoubtedl) 
a small percentage goes on to a definite pathologic condition. 
Cough is an important associative phase of all respiratory reflexes; 
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but it is not present at all times. Particularly is it wanting when 
we are not dealing with coarse physical objects or those capable of 
causing chemical irritation. With the more bland and fluid sub- 
stances its absence is often noted. The fact that cough is more often 
associated with the laryngeal than the pharyngeal reflex, tends 
to make the former more important. 

It is very essential to avoid anything which will depress all these 
reflexes. Unfortunately, in a minority of cases an inherent condi- 
tion of lowered sensitivity exists. This has been reported by 
Jackson and Coates'* and others. Although this depressed state 
may be protective during conscious periods, the addition of sleep 
tends to create a problem and no artificial means should be permitted 
to deepen the sleep. 

As shown by the study of the respiratory defense mechanism 
under altered conditions, alcohol and excess sedation definitely 
raise the threshold of reaction. In the past both have been em- 
ployed in upper respiratory infections—at times without modera- 
tion. This undoubtedly is a mistake and, from a practical point 
of view, the physician must be cautioned even in such ordinary 
conditions as colds and grippes, but particularly in septic mouths. 
The use of alcohol in these conditions has been advocated by trade 
magazines”! distributed to the physicians. Jackson’ many years 
ago said that if the reflexes are not drugged asleep, protection is 
usually present. 

The results of the study in the abscess group brought out many 
interesting facts and possibilities. Over 50% of the cases possessed 
a native depressed state of reflexes and this undoubtedly contributes 
to the pathogenesis. Among the factors tending to drug the mechan- 
ism, the alcohol habit predominated. If a careful history is not 
taken, this point may be overlooked, for comatose or even semi- 
comatose states are not necessary. Unless sought for, one may over- 
look other factors as fainting spells, epilepsy, submersion and pre- 
comatose states (including ketosis). In diabetes, untreated or 
inadequately treated, two factors are at play—a decrease of reflexes 
during acidosis and a higher susceptibility to infection. 

It is not within the scope of this paper to discuss postoperative 
abscess following anesthesia, but here a break in the respiratory 
defense mechanism must assume the dominant réle. Of course, the 
protagonists of the embolic theory offer very attractive theses. 
However, it is reasonable to assume at present that both avenues 
offer possibilities. Because of this study the aspiratory theory is 
favored in the majority of cases. 

As for upper respiratory foci in this suppurative class, pyorrhe: 
is by far the most common offender, though it is recognized that 
this is a common condition, especially in the class of people here 
studied. Sinusitis, tonsillitis and tooth infections must also not 
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be overlooked. The frequency of diseased mouths in association 
with lung abscess has been recognized by many, including Marietta,'? 
and Stern.2"** The latter found the condition present in 84% of 
pulmonary abscesses of unknown cause that he studied. 

In the past many cases of lung abscess, although recognized clini- 
cally, have been baffling from a viewpoint of pathogenesis. Often 
the abscess has been improperly considered a sequela of lobar 
pneumonia; when as a matter of fact the pneumonitis is part of the 
pathologic picture. Both American®” and foreign observers?® 
attest to the fact that the etiologic basis is not often clear. How- 
ever, if one bears in mind and searches for two factors—namely a 
focus of infection in the upper respiratory tract and an explanation 
for the transient or permanent defect in the respiratory defense 
mechanism—the mystery of pathogenesis is soon unveiled and the 
term “unknown” may be greatly restricted. Of course, a small 
percentage, as in this series, escapes all means of detection; but the 
mechanism is undoubtedly the same. The facility with which mate- 
rial from the mouth and pharynx is aspirated in the lungs, has been 
demonstrated by numerous investigators, as Mullins and Ryder,” 
Lemon,'> Meyerson!® and Iglauer."! 

Our series demonstrates as an important triad in lung abscess and 
therefore worthy of repetition—alcohol, a naturally depressed 
respiratory defense mechanism, and pyorrhea. 

This series revealed a sex incidence of approximately 3 males to 
| female, and an age incidence, which appears to spread over wide 
limits with a marked preponderance in middle life. This harmon- 
izes with the larger series of Maxwell'® and others. This can pos- 
sibly be explained by the more frequent occurrence of pyorrhea and 
use of alcohol in males and in middle life. In addition, the female 
patient is more nervous and therefore tends to have a better respi- 
ratory defense mechanism. Early and prompt dental care are pro- 
phylactic considerations. One can truly describe the average ab- 
scess individual as “‘a middle aged male, pyorrhetic with a tendency 
to bouts of alcohol.” 

The infrequency of lung abscess in infants and children can be 
explained by a better respiratory defense mechanism and a relative 
infrequency of upper respiratory factors, particularly pyorrhea. 
Smith** in a review of American literature collected only 59 in 
children among 2250 cases of abscess. It was interesting to note 
that aspiration in the sleeping children occurred only once and the: 
in a debilitated child. Debilitation is not only a factor in lower 
resistance to infection, but also in facilitating aspiration. The case 
report by Sullivan** describing aspiration of barium in a debilitated 
person bears out this fact. 

In premature and ill children, where debilitation is pronounced, 
aspiration bronchopneumonia is not uncommon. ‘This is associated 
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with a process of regurgitation and no upper respiratory factor need 
be present. 

Vomitus, instead of upper respiratory infection, may be the other 
factor in adults, who are in a weakened condition. Because of gas- 
tro-intestinal disturbances in alcoholics, this mechanism may partic- 
ularly assume the réle here. 

A mechanism similar to that described in the production of abscess 
is also possible in other diseases. Bronchiectasis is one which this 
study exposed as being a potential menace to people with inherently 
depressed respiratory reflexes and upper respiratory infections. 
There are many other causes of this disease, ably described in the 
literature. Association of bronchiectasis and upper respiratory 
infections, including sinusitis, has been recognized by Sergent, et al.,?4 
Graham, et al.,% Clerf? and others. However, no literature was 
found indicating as a basis for aspiration from the upper passages 
in this disease a native state of susceptibility. 

Other diseases, such as pneumonia, bronchopneumonia, suppura- 
tive pneumonitis, and even bronchitis may also be attributable to 
this mode of pathogenesis. Further studies are necessary to warrant 
a definite opinion. The comparatively high carrier rate of pneumo- 
cocci in persons with infections of the upper respiratory tract is 
being appreciated and studied because of the epidemiologic signifi- 
cance. Although strains carried are representative of those least 
often found in pneumonia, a certain percentage, particularly among 
family contacts,’ may show a high degree of pathologic strains. 
Here we have the upper respiratory factor in a rather innocent form. 
As soon as a break in the respiratory defense mechanism occurs in 
these cases, the background for the disease presents itself. Only 
recently a paper by Nungester, et al.% was presented and in it a 
similar mechanism was suggested in pneumonia when alcohol 
drugged the reflex system. This was experimental work carried on 
in animals. In general, it is reasonable to assume that the disease 
produced depends in great measure on the flora and symbiosis 
of organisms aspirated. 

Summary and Conclusions. 1. The respiratory defense mechan- 
ism has been discussed and the three sites for checking aspiration 
noted—the pharynx, the larynx and the tracheo-bronchial tree. 
The larynx was the most sensitive and the tracheo-bronchial tree 
seemed least effective when fluid media were the vehicles. The 
parallelism and interrelationship of these reflexes were discussed, 
including the association of cough with each. 

2. A deficient mechanism plus some focus in the upper respiratory 
tract were regarded as the cause for certain pulmonary diseases. 
This break may be an inherent part of the individual’s makeup or 
caused by such factors as alcohol, sedatives, pre-comatose states 
(diabetes) and so on. 
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(a) Idiopathic lung abscess especially falls into this group and 
was discussed from several angles. Alcohol, a natural depressed 
state of respiratory reflexes, and pyorrhea furnish the important 
triad. 

(b) A certain percentage of cases of bronchiectasis can be ex- 
plained on basis of a depressed respiratory defense mechanism when 
upper respiratory foci are present. 

(c) The possibility of relationship of a similar mechanism to other 
diseases, as pneumonia, bronchopneumonia, and so on, is stressed. 

3. Prophylactic Views: (a) The treatment of all upper respira- 
tory foci, including infections of teeth, tonsils, gums, and sinuses, 
is important. 

(b) The presence of all factors that tend to drug the respiratory 
defense mechanism must be avoided. 

(c) Special efforts should be made to clear efficiently and early 
all upper respiratory infections in people with an inherent break in 
the respiratory defense mechanism as they are most prone to aspira- 
tion infection of the lungs. 


Grateful acknowledgement is made to Dr. J. Burns Amberson, Jr., for his encour- 
agement and coédperation in this study. 
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STUDIES ON OXYURIASIS. 


XVIII. THE SYMPTOMATOLOGY OF OXYURIASIS AS BASED ON 
PHYSICAL EXAMINATIONS AND CASE HISTORIES ON 
200 PATIENTS. 


By Freperick J. Brapy, 
PASSED ASSISTANT SURGEON, 
AND 

Wittarp H. 


CHIEF, DIVISION OF ZOOLOGY, NATIONAL INSTITUTE OF HEALTH, U. 8. PUBLIC 
HEALTH SERVICE, WASHINGTON, D. C. 


Tue rather amazing incidences of Enterobius [Oxyuris| vermicu- 
laris found in surveys conducted by workers in our laboratory and 
reported by Cram, Jones, Reardon and Nolan! have stimulated our 
interest in the symptomatology of oxyuriasis. Insofar as we can 
determine by a survey of the literature, no effort has been made in 
the past to study this condition as a clinical entity and to delineate 
on the basis of an examination of a sufficient number of cases symp- 
toms which may be definitely linked with pinworm infestation. 
While some authors have expressed the opinion that this ubiquitous 
parasite may be of considerable medical importance, the more 
prevailing attitude seems to be that the pinworm is a rather innocu- 
ous parasite and that pinworm infestation is a condition requiring 
little or no attention from a therapeutic standpoint. 

Our survey is based on case histories and physical examinations 
of 200 patients who came to us either through a clinic at Providence 
Hospital, Washington, D. C., or were referred to us by practicing 
physicians. ‘These 200 cases consisted of persons seeking treatment 
for known pinworm infestation, persons referred to us because of 
symptoms suggestive of oxyuriasis, and persons found positive for 
pinworms on anal swab examinations made during incidence studies. 

For comparison with these 200 cases we have two groups of con- 
trols divided into classifications, as follows: One group of 72 per- 
sons negative for pinworms on examination by the NIH swab de- 
scribed by Hall* but dwelling in households in which infested indi- 
viduals were present, and a second group of 21 persons negative for 
pinworms and living in homes in which no member of the family was 
found infested. Since individuals in our first group associated with 
infested individuals, the possibilities for their infestation are patent 
and their use as a control group is subject to criticism. Individuals 
in the second group, admittedly too few in number, may probably 
be regarded as free from pinworms. In the group of 72 persons 
negative themselves on swab examinations but living with infested 
persons, there was an average number of 4.9 swabs made for each 
person. It has been our experience that if these persons are swabbed 
lor long periods of time almost all would be found to be intermit- 
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tently positive on swab examinations. It is because of this inter- 
mittent infestation that the second group of 21 persons were used. 
These were found negative on an average of 4.1 swab examinations 
and came from households having all members negative on swab 
examinations. We believe it is very unlikely that any of these 
persons would be found to have a positive swab on a long series of 
swab examinations. The facts above-mentioned and the fact that 
our controls were not selected on a basis of random sampling some- 
what weaken the results of our survey and lend caution to our con- 
clusions. 

In the case of adults, the case history was obtained from the 
patient while in the case of children the information was furnished 
by the parent, usually the mother. Rough hemoglobin determina- 
tions were taken on most of the patients by the Tallqvist method 
and differential blood counts were made in a majority of cases. A 
stool specimen from each patient was examined by the salt flotation 
method, and patients found to be harboring intestinal helminths 
other than pinworms were not considered in this study. At the 
time of the physical examination, a vulvar swab was made on girl 
patients, the swab being taken at the introitus and effort made to 
avoid touching the skin. 

We believe that the pinworm can cause symptoms in at least 
3 ways, viz., by mechanical stimulation and irritation, by an allergic 
action, and by the transportation of organisms, usually non-patho- 
genic, to places where they may become pathogenic. Such general 
symptoms as decreased weight and pallid complexion, which may be 
due to absorption of pinworm toxins, have not been found to be 
correlated with the intensity of infestation but appear to be condi- 
tioned only by the presence of pinworm material. 

There is some evidence in the literature that pinworm materia! 
may cause allergic manifestations. Heubner® commented on the 
frequency of sneezing in oxyuriasis. Leibholz® noted pruritus and 
eczema of the lower half of the body which he thought was probably 
due to a pinworm allergy. Morénas’ and Gétz? cited cases with 
allergic symptoms which they attributed to pinworms. Griibel,’ 
Schrépl*® and Wright and Bozicevich" reported results of skin tests 
with pinworm antigen and found a considerable degree of specificity. 

General Symptoms. ‘This series of cases showed no anemia attrib- 
utable to pinworm infestation. Wright, Bozicevich and Gordon! 
found that many underweight children showed considerable gains 
in weight after treatment. We were impressed by the large number 
of infested children showing dark circles under the eyes and a pallid 
facies in spite of a normal hemoglobin determination. These cases 
showed remarkable improvement in their complexions after treat- 
ment. 

Eosinophilia. Differential blood counts were made on 144 of the 
infested individuals and on 21 control cases. These controls were 
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carefully selected as to freedom from parasitism and were cases 
coming from households free from pinworms. ‘Two hundred leuko- 
cytes were counted in all cases. The average percentage of eosino- 
phil cells in the infested group was 5.1% and the average in the 
non-infested group was 3.7%. In both series there was considerable 
deviation from the mean, and comparison does not show the differ- 
ence in percentage to be of statistical significance. The analysis 
of a larger series very likely would show that a slight eosinophilia 
exists with pinworm infestation. There appeared to be no correla- 
tion between the degree of the infestation and the increase in the 
number of eosinophils. 

Gastro-intestinal Symptoms. In 1 case there was a history of 
nausea and vomiting occurring between 5.00 and 6.00 A.M. on the 
average of twice a week. It is known that this individual did not 
have pinworms prior to the onset of these complaints. The patient 
was treated about 6 weeks after the onset of these symptoms and, 
with eradication of the infestation, the symptoms disappeared. 
The history and physical examination showed no other cause for 
these complaints. It is interesting to note in this connection that 
Pétrovykh*® reported on 3 patients having gastro-intestinal com- 
plaints and from whom pinworm larve were recovered in duodenal 
washings. These symptoms subsided after eradication of pinworms. 
Prior to the finding of the larve, the clinical diagnosis in 1 case was 
peptic ulcer and in the other 2 cases was biliary tract disease. 

Abdominal pain was about as frequent a complaint in persons 
in the control group as in persons in the infested group. In this 
series of cases but 1 case had had an appendectomy. We found no 
evidence in our cases that oxyuriasis was related either to acute or 
chronic appendicitis. We feel that pinworms found in appendices 
removed by operation represent usually a chance finding and in most 
cases are not related to the disease condition found. In fact, with 
the apparent high existing incidences of oxyuriasis, it is surprising 
that more surgically removed appendices do not contain pinworms. 

Anorexia was a common complaint in infested children and in 
many cases the appetite was much improved after treatment for 
pinworms. Craving for sweets was found as frequently in patients 
in the control series as in patients in the infested group. 

Although many individuals of a phlegmatic temperament and 
many of those having infestations over a long period of time fre- 
quently denied experiencing any sensation from migrating pinworms, 
it is apparent that the majority of people are aware of a sensation, 
varying in intensity from a very mild tickling to a sensation of acute 
discomfort that may be described as pain when the females are yet 
on the rectal and anal mucosa. It is believed that this sensation is 
due to a mechanical action of the migrating worm. Skin sensation 
is uncommon but it may be very marked in the few individuals who 
experience it. It seems probable that the sensory nerve endings 
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of the skin cannot ordinarily detect the sensation of a moving pin- 
worm and it is believed that this symptom must be explained on 
some other basis. One patient, a middle-aged woman, stated that 
during migrations the skin along the tract of the migration would 
become intensely itchy and the pruritus would cease only after care- 
ful scrubbing of the area with soap and water. This patient stated 
that she frequently experienced migrations while playing bridge 
in the afternoons and on such occasions she would have to excuse 
herself and take a bath in order to alleviate the extreme pruritus. 
A male, 32 years of age, not only complained of the perianal itching 
with migrations but stated also that he experienced itching else- 
where on the skin when migrations occurred. In such cases as these, 
it is believed that the individuals are distinctly allergic to pinworm 
material. 

Genito-urinary Symptoms. Enuresis has frequently been attrib- 
uted to pinworm infestation. We were unable to show that enuresis 
occurs with any greater frequency in infested individuals than in our 
group of non-infested controls. 

Our observations indicate that migrating females very frequently 
enter the vulva. Shulman and Paretskaya"™ stated that one ob- 
server saw 16 of 43 migrating pinworms disappear between the 
labia. Mothers have frequently told us that in girls the pinworm 
is more likely to migrate in the direction of the vulva than elsewhere. 
Of 45 cases in young girls, 14 (31°) were positive on one vulvar 
swab made at the introitus. This percentage agrees with the expec- 
tancy of positive cases disclosed by one anal swab. In 2 of these 
cases the vulvar swab was positive while a perianal swab made at 
the same time was negative. Ten of the 51 girls examined showed 
a mucoid vaginal discharge. We are of the opinion that the dis- 
charge in most of these cases was due to irritation of the genital 
tract from parasites migrating between the labia and into the vagina. 
It is reasonable to assume that with the high incidence of oxyuriasis 
and our evidence that pinworms frequently reach the vagina, there 
exist many cases of vaginitis due to pinworms that are not diag- 
nosed as such. It is possible also that some cases of purulent vulvo- 
vaginitis may be due to organisms carried into the vagina by migrat- 
ing pinworms. If desiccation is the stimulus that initiates oviposi- 
tion and the death of the migrating female pinworm, as observa- 
tions indicate, it is understandable how the female pinworm can 
remain viable and migrate into the uterus, tubes, and peritoneal 
cavity, since in reaching these locations it traverses a moist channel 
not conducive to loss of activity. However, we had no cases in this 
series in which evidence indicated that pinworms had migrated to 
these locations. 

Nervous Symptoms. Restlessness at night is common among 
pinworm patients and can be attributed to the annoyance caused 
by the migrating worms. Insomnia may occur, particularly in 
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adults. In more heavily infested cases there may be migration 
during the day with accompanying restlessness. One of our patients, 
a girl of 12, experienced frequent migrations during school hours. 
Her teacher complained of her lack of co6peration and inattention. 
This girl also had personality changes due to a feeling of shame and 
inferiority from the knowledge that she had pinworms. She was 
subjected to ridicule by her playmates because of her constant 
scratching of the perianal region. 

We were unable to show that nail biting, thumb sucking, nose 
picking, and grating the teeth were more common in the infested 
group than in the control group. ‘The more abstract manifestations 
of nervous irritability such as reflex changes, emotional changes, 
and changes in temperament were too difficult of evaluation to 
enable us to arrive at any conclusions concerning them. 

Summary. ‘Iwo hundred cases of oxvuriasis were studied with 
a view of ascertaining the symptomatology of this condition. In 
each case a history was taken, a physical examination was made, a 
stool sample was examined for helminth ova, anal swabs were made, 
and in girls, a vulvar swab was made. The opinion is expressed 
that symptoms may be caused by mechanical stimulation and irrita- 
tion by the parasite, by allergic reactions, and by the transportation 
of organisms to places where they may become pathogenic. 

Many infested children showed gains in weight, improvement in 
color, and disappearance of dark circles under the eyes after treat- 
ment. 

There was an average eosinophil percentage of 5.1% in 144 pin- 
worm cases compared to 3.7% in 21 children coming from households 
in which all individuals were free from pinworms. ‘There is too 
much deviation from the mean for these figures to assume statistical 
significance, but it is likely that there is a slight increase in eosinophil 
percentage in oxyuriasis. 

One case presented symptoms of nausea and vomiting that could 
not be attributed to causes other than the pinworm infestation. 
These symptoms disappeared when the pinworm infestation was 
eradicated. We found no proof that abdominal pain and oxyuriasis 
were directly related. Only 1 case of the 200 had had an appendec- 
tomy. The appetite in many cases was much improved after 
treatment. 

It is believed that pinworms cause conscious sensation when 
moving on the rectal and anal mucosa, but that no sensation is felt 
in the majority of cases after the pinworm has migrated onto the 
skin. Allergic reactions to pinworm products are probably asso- 
ciated with the very marked sensation experienced by some few 
individuals from skin migrations. 

Enuresis was not found to be more common in infested patients 
than in non-infested controls. Evidence is presented that a pinworm 
vaginitis may be much more frequent than it has been considered 
to be in the past. 
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Restlessness and insomnia are symptoms occurring in pinworm 
cases. Restlessness in school may lead to scholastic difficulties. 
The feeling of shame that an impressionable child may have from 
the knowledge that he or she has pinworms may have repercussions 
in the behaviorism of the child. Evidence to show that pinworms 
cause nervous irritability was inconclusive. 
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(From the Department of Medicine, Presbyterian Hospital, New York City, and 
Hematology Laboratory, College of Physicians and Surgeons.) 


ALTHOUGH it is generally accepted in the current textbooks that 
the platelets are diminished in pernicious anemia, there has been 
relatively little published work on the subject. That a low platelet 
count is a necessary part of the disease in its more severe stages 
was apparently first recognized by Hayem in 1889, who found the 
platelets below 100,000 per c.mm. in 3 of 4 cases. Various authors 
sincet:7-12,14,190,25,27,32.34 have mentioned this change, those giving 
specific figures being listed below. The platelets have even been 
reported as being entirely lacking.” 

Methods. We have reviewed all the cases of pernicious anemia in the 
Presbyterian Hospital in the city of New York on whom platelet counts 
were done. All of these responded classically to the administration of 
liver and have since maintained their counts on this regime. 

Blood taken directly from the patient’s fingertip was drawn into a 
standard red cell counting pipette to the 0.5 mark and diluted 200 times 
by addition of 3% sodium citrate solution freshly prepared each morning. 
The diluted blood, after shaking, was then placed in a standard blood 
counting chamber and the platelets within the central square millimeter 
were counted, the final figure being multiplied by 2000, thus giving the 
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All of the counts were done by 
No. of cases of 


severe anemia in 
which platelets 


Author. Year. per c.mm. were counted. 
Hayem 1889 3 4 
Minot 1918 l 1 
Degkwitz 1919 1 l 
Gram 1920 16 24* 
Allard 1926 7 8 
Kristenson 1930 12 15 
Nittis 1931 5 6 
Dyke 1931 3 3 
Segerdahl 1932 l 1 
Arneth 1937 30 30* 

79 93 
* Specific red cell counts not given. 
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Results. In all we have assembled 90 simultaneous red cell and 


platelet counts on patients with pernicious anemia in our records, 
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of which 36 were initial counts on untreated cases. All of these 
we have placed in the accompanying graph (Graph 1), plotting 
their erythrocyte counts against their respective platelet counts. 
As can be seen, the thrombocyte count in general varies directly 
with the height of the red cell count. Of the 22 cases of untreated 
anemia with a red cell count of 2,000,000 per c.mm. or less, only 
2 cases had a platelet count of more than 100,000 per c.mm.; that is, 
the finding of a severe anemia without a coincident thrombocyto- 
penia is, according to our series, uncommon. 

Discussion. Manifestations of the diminished platelet count are 
not recorded in the original paper of Addison,' but Biermer® in his 
initial description of pernicious anemia in 1871 pointed out the high 
incidence not only of retinal hemorrhages and small cutaneous 
petechiz, but also the occasional presence of marked gastro-intes- 
tinal and genito-urinary bleeding. The presence of purpura and a 
poor retraction of the blood clot has also been emphasized by other 
authors. 22,28 30,32 


TABLE 1.—PLATELETS IN PERNICIOUS ANEMIA BEFORE AND AFTER TREATMENT 


Before treatment. After treatment Continued treatment. 
Patient. - 

Pits. R.B.C, Pits. R.B.C, Pits R.B.C, 
1 16.0 1.5 150.0 18 
2 18.0 ca 193.0 2.6 
3 26.0 0.9 41.0 1.6 214.0 1.6 
4 27.0 1.3 241.0 2.9 
5 28.0 1.5 56.0 
6 180 1.6 46.0 1.9 
7 58.0 1.3 183.0 2.7 131.0 3.8 
8 74.0 1.4 19.0 3.3 
9 76.0 1.4 140.0 
10 82.0 0.8 90.0 1.1 
11 89.0 1.5 280.0 2.5 
12 114.0 2.3 247.0 3.3 
13 139.0 259.0 2.0 110.0 4.2 
14 171.0 2.4 147.0 3.6 
» 1.3 296.0 1.4 
16 180.0 2.3 2480 5.6 
119.0 263.0 t.1 
120.0 1.6 49 0 
19. : 196.0 1.5 206.0 14 
20 202.0 3.2 218.0 3.9 


(Platelets recorded in thousands per c.mm., red cells in millions per ¢.mm.) 


Numerous papers,?:!?-5.17.18.23.24.33 particularly before the advent 
of liver therapy, have stressed that in spontaneous or induced 
remissions of the disease the platelets show a marked and prolonged 
rise, sometimes even before the reticulocyte response particularly 
if the remission is well sustained. The platelets may, indeed, with 
the commencement of specific therapy even rise markedly above 
normal, as high as 1,225,000 per c.mm. having been reported; no 
thromboses, though they might be expected on this account, have 
been reported. In our experience, the rise of the platelets is in 
general coincident with the rise of the red cell count and may reach 
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a higher level at the beginning of therapy than when the red cell 
count approaches normal. These points are illustrated in the 
accompanying table (Table 1) with a graph (Graph 2) of a specific 
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A study of the different types of the platelets reveals that in the 
severer stages of the anemia there is a predominance of the small 
forms with occasional giant and other abnormal forms.*:**.*5.*8 

Unfortunately, this diminution in the number of platelets is 
apparently of little use in differentiating pernicious anemia from 
other macrocytic anemias. In sprue at least one-half of the patjents 
with a macrocytic blood picture have also a marked thrombocyto- 
penia.®*.>.2® In carcinoma with a macrocytic anemia the platelets 
may be diminished,’ but little work has been reported on this 
subject. Franco, in 8 cases of carcinoma of the stomach with the 
red cell counts for the most part above 2,000,000 per c.mm., found 
the platelets little diminished if at all. In the leukemias the plate- 
lets may be either normal, diminished, or augmented, varying with 
the type and duration of the disease.??° In the macrocytic anemia 
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of pregnancy we have found cases with a low platelet count. Cir- 
rhotics with a macrocytic anemia, not only in our experience, but 
in that of others, may show a thrombocytopenia. 

Summary. 1. In marked pernicious anemia a definite thrombo- 
cytopenia is rarely lacking. This is borne out not only by our own 
figures of 90 counts, but by those collected from the literature. 

2. The platelets increase in number parallel to the red cell count 
on the institution of specific therapy. 

3. This diminution of platelets is apparently of no value in 
differentiating this type of anemia from others with a macrocytosis. 


We are indebted to Miss Illyne and Miss Whipple for their kind coéperation. 
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ERYTHROBLASTIC ANEMIA 


REPORT OF TwO CASES IN ADULT SIBLINGS. WITH A REVIEW 


P OF THE THEORIES AS TO ITS TRANSMISSION. 


By Dorotrny W. Atkinson, M.D., 
ASSISTANT CLINICAL PROFESSOR OF MEDICINE, UNIVERSITY OF CALIFORNIA MEDICAI 
SCHOOL, SAN FRANCISCO, CALIF. 


(From the Medical Service of the Children’s Hospital and the San Francisco Hos- 
pital, University of California Division.) 
In 1927 an important step was taken by Cooley*+ who separated 
from the hemolytic anemias of childhood a sub-group which he 
called erythroblastic anemia. 
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The essential features of this disease are as follows: It occurs 
in early childhood and is usually fatal within a few years of onset. 
Clinically, it may be recognized as early as the third month, and 
Roentgen ray changes have been noted as early as the fourth month.! 
It occurs only in children whose parents have their origin in the East- 
ern Mediterranean area and no cases reported as arising in peoples 
of other geographic regions have been substantiated. (One case 
originally cited by Cooley as having a British parentage was later 
proven to be a true congenital hemolytic icterus.”*) 

The course of the disease is characterized by bouts of fever, which 
may be constant, intermittent or undulant; great enlargement of 
the spleen; an icteric tint to the skin and sclere but without bile 
in the urine; and certain blood and bone changes which will be de- 
scribed in greater detail. 

Blood. The blood is characterized by an anemia with an average 
hemoglobin of about 36% and red blood cell counts of 2,900,000. It 
is of the hypochromic microcytic type. The outstanding feature is 
the presence of large numbers of erythroblasts, with rare megalo- 
blasts. After splenectomy, which is not curative, a striking increase 
in the erythrocytes occurs. The neutrophils are invariably increased, 
but to a moderate degree. Many myelocytes can also be found. 
Wet preparations reveal marked fragmentation but no sickling. In 
short, there is a marrow hyperplasia which floods the blood stream 
with immature and atypical cells, chiefly of the red series. 

Red Cell Fragility. One of the constant features of the disease 
which is of differential importance in separating it from congenital 
hemolytic icterus is the increased resistance of the red cells to hypo- 
tonic salt solutions. 

Skeletal Changes. The bone changes consist of an enlargement 
of the spongiosa of the bone with thickening of the internal table and 
almost complete disappearance of the external table. There is a 
replacement of the marrow by bony tissue, which gives the peculiar 
striated picture characteristic of this disease. The thickening and 
replacement of the marrow with bone which occur late, are thought 
to be compensatory to the weakening caused by the osteoporosis 
which is an early finding. 

Changes in the long bones and flat bones are more constant than 
those in the skull but it is the latter which gives the striking appear- 
ance of mongolianism to these children (Fig. 4). All the bones of 
the skull may be involved but it is particularly noticeable in the 
frontal and maxillary bones. One gets a peculiar sense of thickness 
and solidity on palpating the face of these children. An excellent 
summary of the skeletal changes with a bibliography of erythroblastic 
anemia can be found in an article by Caffey.! 

Theories as to Etiology. Cooley‘ thinks the disease must be 
congenital but, in spite of its frequent familial occurrence, he rules 
out heredity because the reported cases all died before puberty and, 
therefore, before they could transmit it to their offspring. 
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Whipple and Bradford? who have studied several cases carefully 
from the pathologic standpoint, including two in identical male 
twins, believe it to be an inherited defect involving the hematopoi- 
etic and osseous systems. ‘They believe it is due to a deficiency 
either of a vitamin or endocrine nature, acting in a manner com- 
parable to the defects in pernicious anemia, scurvy or acromegaly. 

Whipple and Bradford’ think the bone defects are specific and 
not simply secondary to marrow hyperplasia, since in the hyperplasia 
of long standing pernicious anemia or leukemia similar changes are 
not found. 

These investigators also point out the interesting fact that eryth- 
roblastic anemia has a peculiar pigment distribution in the tissues 
that is duplicated in only one other disease, namely, hemochroma- 
tosis. 

Other authors have confused erythroblastic anemia with von 
Jaksch’s anemia, and some with chronic malarial splenomegaly. 

Therapy. Whipple and Bradford’ tried numerous therapeutic 
agents and, in spite of adequate dosage, found their value entirely 
negative. They gave a thorough trial to blood transfusions, plasma 
and cell extracts, raw pancreas, adrenal cortex (cortin), estrogenic 
substance and iron and copper. 

Roentgen ray therapy has been advocated by Hunter® but the 
results do not warrant the risk of developing a severe aplastic 
anemia such as occurred in one of his cases. So far there have been 
no favorable permanent results from radiation. 

Caminopetros” noted the benefit which occurred in a case having 
a coincidental infection with malaria and thereupon inoculated 7 
other patients with the disease. The results led him to believe that 
malarial therapy was as effective as that of Roentgen ray in leukemia. 
He found a reduction of the number of abnormal erythrocytes cir- 
culating in the peripheral blood and the development of a leukopenia. 
The parasites were almost never found in the altered red blood cells, 
a fact which the author believes is associated with their increased 
resistance and an absence of chemotaxis. In view of the small 
number of cases in which malarial therapy was used and the absence 
of any data regarding their later progress, it would seem wise to with- 
hold judgment until there is further substantiation of this as a cure. 

It has been our good fortune to follow two patients in one family 
over a period of 12} years. ‘Their histories are as follows: 

Case Reports. Case |. D:P., aged 20, was first seen in 1926 at the age 
of 8. Her complaints were weakness, yellow color and a mass in the abdomen. 
She had been a full term baby, with adequate feeding. At the age of 2 years 
she had had numerous nose bleeds but otherwise her history was uneventful, 
except that her color differed from other children and that she seemed 
apathetic. Her mother noticed that the muddy yellow color of the skin aid 
sclere varied in intensity from time to time. 

Physical examination was negative except for the peculiar color mentioned 
above and the presence of an enlarged spleen. This reached to the iliac 
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Fic. la.—D.P. Skull, 1932. Fic. 1b.—D. P. Skull, 1938. 
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crest and nearly to the midline. It was firm and had a sharp notched margin. 
The liver was palpable just below the costal margin and in the epigastric 
notch, 

Laboratory Data. Hemoglobin 45% (Sahli); erythrocytes 3,900,000; leuko- 
cytes 9620; differential count: neutrophils 59°; lymphocytes 377; mono- 
cytes 3%; myelocytes 1°; nucleated red cells 4°%. The smear showed 
microcytes and tailed cells, with a few macrocytes. There was some stip- 
pling. Red cell hemolysis in hypotonic salt solutions began at 0.375 and 
was not complete at the lowest dilution, 0.025. The urine was negative 
for bile. The Wassermann test was negative. 

The child did fairly well, able to attend school and partake in the usual 
physical activities of childhood. However, from time to time she lagged 
a little, usually when the family, who were on relief, found it difficult to 
provide adequately nutritious food. At such times she would be sent to a 
convalescent home or hospitalized. Further studies at these times were 
as follows: 

June, 1932. Hemoglobin 50°% (Sahli); erythrocytes, 4,300,000; leuko- 
cytes, 6120; platelets, 240,000; average diameter of red cells, 7.2u; reticulo- 
cytes, 2.4%; normoblasts, 6°; bleeding time, 2 minutes; fibrin formation, 
2 minutes. The phenolsulphonephthalein test showed an output of 75% in 
2hours. The urine was negative for hematin. The icterus index was 18.75. 
Cholesterol: 85 mg. per 100 ce. of plasma. Calcium: 10.1 mg. per 100 ce. 
of serum. Inorganic phosphorus: 4.75 mg. per 100 ec. of serum. 

A biopsy of the sternal marrow (Dr. J. L. Carr, Pathologist) revealed 
normal bone and marrow. 

Roentgen Ray Studies: Bone age, 15 to 18 years. Chronological age, 
15 years. Long bones and skull: Plain films of the skull showed a normal 
sella turcica. The pineal gland was not calcified. The anterior third of the 
calvarium was thickened but showed no evidence of striations (Fig. 1a). 
Films of the long bones, especially the tibia and fibula, ulna and radius 
showed the cortex to be very thin with the presence of both linear and cross 
striations (Fig. 2). The linear striations are a combination of lines of in- 
creased and decreased density. The cross striations are lines of increased 
density. 

April, 1935. Tuberculin test, 1 : 10,000 negative; 1 : 1000 negative. 

Gastric analysis showed no free HCI in the fasting specimen but showed 
48° after 15 minutes with a total acid of 56°. 

Vital staining showed fragmentation of the cells with marked motility of 
the red cells and fragments. 

In February, 1938, the hemoglobin was 50°; (Sahli); erythrocytes, 
3,000,000; leukocytes, 7500. No nucleated red cells were seen. 

The menarche was not established until the age of 16, following a course 
of endocrine therapy. She is now 5 feet 6 inches tall, weighs 115 pounds, and 
except for the pallor and icterus resembles any normal young adult in appear- 
ance. She has finished high school and now works steadily in a clerical 
position. She has had less than the average amount of minor respiratory 
or contagious infection. 


The brother has had a more stormy course although he now appears 
to be better adjusted to his disease. The amount of activity com- 
patible with a severe anemia in these cases has been of interest and 
is significant of the ability of the body to adjust itself to a chronic 
state of disease. The cardiac hypertrophy (Fig. 3) usual in this 
disease may be a compensatory factor. 

CasE 2.—S. P., aged 17, was first seen in 1926 at the age of 4. His com- 
plaints were the same as his sister’s, namely yellow color, weakness and 
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a mass in the abdomen. At the age of 14 years he had eaten dirt and news- 
papers, but he does not fall into Caminopetros’ classification of ‘“Geopha- 
gists’’* because he has a very definite Mongolian facies. This, however, is 
more striking in real life than in his photograph (Fig. 4). 

He was well nourished but had the peculiar muddy icteric tint of his sister. 
There was a systolic murmur heard widely over the precordia. The spleen, 
which was similar in size to that of his sister, reached to the iliac crest and 
almost to the midline. The liver was not so large but was palpable in the 
epigastrium. 

Laboratory Data. Hemoglobin, 20°% (Sahli); erythrocytes, 1,992,000; 
leukocytes, 10,000; differential count: neutrophils, 39°,; lymphocytes, 
60°%; myelocytes, 1%. There were 7 nucleated reds to every 100 white 
cells counted. The smear showed marked anisocytosis and poikilocytosis. 
Fragility test: Hemolysis began at 0.375 and was not complete at 0.025, 
the lowest dilution. The Wassermann test was negative. Bleeding time, 
12 minutes; coagulation time, 5 minutes; blood Group IV (Moss). The 
urine was negative for bile but positive for urobilin. 

In May, 1928, he developed an acute mastoiditis and was successfully 
operated upon after a transfusion of 250 cc. of his father’s citrated blood. 

Because at this time the children were classified as cases of familial hemo- 
lytic jaundice (although thought to be atypical because of their increased 
red cell resistance to hypotonic salt solutions), it was deemed wise to per- 
form a splenectomy on the boy. He was chosen rather than the girl because 
of the more severe anemia, tendency to infections which are often fatal in 
this group, and his greater youth. Therefore, in July, 1928, a splenectomy 
was done following a transfusion of 500 ec. of his father’s citrated blood. 
At operation, adhesions were found between the spleen and stomach and 
the tail of the pancreas. Unfortunately, the pathologie report and sections 
of the spleen are not available. Following operation showers of nucleated 
red cells were found in his peripheral blood and this has persisted to the 
present day. (Noted in other cases following splenectomy.) His hemoglobin 
was 65° % on dismissal from the hospital. 

In May, 1928, he was injured slightly in an automobile accident. Skull 
plates at this time showed thickening of the calvarium (Fig. 5a). 

In June, 1932, he was hospitalized again for study and for the first time 
these two children were recognized as cases of Cooley’s anemia. Labora- 
tory data at that time: Hemoglobin, 50°% (8.5 gm.); erythroblasts, 
4,230,000; leukocytes, 12,000; differential neutrophils, 29°;; eosinophils, 
12%; basophils, 1%; lymphocytes, 26°%; myelocytes, 19°;; disintegrated 
cells, 13%. There were 9.6% nucleated red cells. Reticulocytes, 3.2°;; 
platelets, 650,000; cholesterol, 95.7 mg. per 100 cc. plasma; calcium, 10.4 mg. 
per 100 cc. serum; inorganic phosphorus, 5.6 mg. per 100 cc. serum. 

Roentgen Ray Studies. The skull was markedly thickened and showed 
the vertical type of striations, especially in the posterior two-thirds (Fig. 5). 
The distal end of the left humerus and the proximal portion of the ulna and 
radius showed marked thinning of the cortex and a peculiar type of trans- 
verse and trabeculated striations (Fig. 6a). The pelvis, proximal ends of 
the femora and lumbar vertebre also showed peculiar trabeculated striations 
together with a moderate amount of diffuse demineralization (Fig. 6b). 
These changes were also apparent in the ribs, clavicle and scapule. 

In March, 1935, the boy had a febrile period with temperatures ranging 
between 101° and 103° F. This gradually subsided but 1 week after onset 
his eyes and scalp became very swollen. There was a deep depression on 
the back of his scalp with a circle of edema around it the size of a doughnut. 
There was no edema elsewhere. He was hospitalized at once. Skull plates 
while showing changes even more marked than on the previous entry, failed 
to reveal anything to account for the peculiar distribution of the edema. 
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Serum protein studies were as follows: Albumen, 3.45% %; globulin, 
2.57, ; total, 6.40%; ratio, 1.35. Hemoglobin, 21 °7; erythrocytes, 1,630,000; 
leukocytes, 15,500; color index, 0.6. He was transfused with his father’s 
blood and showed the marked improvement that a transfusion always 
produced in him. 

About this time severe headaches occurred and lasted for 2 or 3 years. 
Sinus examinations and refraction failed to reveal any cause for them and 
during the past year they have entirely disappeared. He is now in better 
health than at any time in his history. His last blood count is as follows: 
hemoglobin, 47°, (8 gm.); erythrocytes, 3,440,000; leukocytes, 19,200; 
differential count: Neutrophils, eosinophils, lymphocytes, 
monocytes, 1°,; nucleated red cells, 8%. 

Family History. The parents, both of whom are healthy, were born in 
the Eastern Mediterranean area, the mother in Hora on the Sea of Marmora 
and the father on the Isle of Thassus. This region was originally Turkish 
but the grandparents were Greeks who had migrated there. They know of 
no other cases similar to this type of anemia among their relatives. The 
mother suffered from chlorosis as a child. The parents’ blood counts have 
been checked during this study and were found to be normal. 

Therapy. The therapy of these children has consisted of daily generous 
and constant doses of iron, in the form of the saccharated carbonate, ferrum 
reductum and ferric ammonium citrate, as well as cod-liver oil. Why they 
have lived longer than the usual allotted span of children suffering from this 
disease is not known; but it is possible that there are formes frustes which 
have not hitherto been recorded in the literature. 
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Fic. 7.—Genealogic table showing transmission of erythroblastic anemia. 
(From Caminopetros.) 


Discussion. (aminopetros,* working in the Pasteur Institute of 
Athens, Greece, where he has studied 36 new cases to add to the 56 
cases already published in the literature, has presented recently 
some findings regarding the relatives of these anemic patients and 
postulates a new theory as to its transmission. He reveals the missing 
link by studying several cases in different generations of the same 
family, one even passing through four traceable generations. In his 
series there were several families in which the disease occurred in 
two generations. It is evident from his genealogies, one of which is 
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here reproduced (Fig. 7), that the disease is transmitted according 
to the Mendelian law as a recessive characteristic. 

Furthermore, Caminopetros* has shown by an extensive study 
that one of the salient features of the disease, 7. ¢., the increased 
resistance of the red blood cells to hypotonic salt solutions, occurs not 
only in the members of the family afflicted with the disease but also 
in the apparently healthy members of the family who are the carriers 
of it, thus helping to propagate it. This finding had never before 
been noted nor had the fact that the diseased child invariably 
belongs to the same blood group as the carrier parent. It has been 
predicted also that the healthy carrier would show characteristic 
changes in his bones, but we were unable to substantiate this in 
our study of these 2 cases. 

If these findings regarding the transmission of the disease are 
proven to be constant on further study, they could be of enormous 
value in controlling the spread of erythroblastic anemia. In other 
words, neither those obviously afflicted nor the healthy appearing 
siblings of the patient who show increased resistance of their red blood 
cells should procreate. This may seem to be of rather theoretical 
significance because of the relative rareness of the disease. But, as 
Caminopetros” notes, it has been suggested that older civilizations 
have been decimated by this disease. Vogt and Diamond® mention 
changes in the skeleton of the Mayans which are thought to corre- 
spond with those of erythroblastic anemia. 

Caminopetros** subdivides the disease into three sub-groups: 
1, The usual type with characteristic Mongolian features; 2, another 
type with radiologic changes in the skull but without the Mongolian 
features (these he labeled “geophagic anemia,” or the anemia of 
dirt eaters); 3, a form with elongated erythroblasts suggestive of 
sickle cells but without true sickling. 

Mongolian Facies. Searching the family trees of his cases brought 
out the surprising fact that often the grandparent of these so-called 
Greeks was a native Chinese who had migrated to Asia Minor. 
This might account for the “Mongolian eye” occasionally found in 
his families but not connected in any way with the disease. This is 
produced by a fold which arises from the depressed bridge of the nose, 
giving an oblique appearance to the eye. This Chinese eye is very 
obvious in the one member of our family (Anna P.) who does not 
show any stigma of the disease. It, therefore, might be thought of 
as a racial characteristic in this girl, although no Chinese ancestry 
could be elicited, perhaps because the parentage could not be traced 
back more than two generations. In those patients with changes in 
the bone, the facies is a part of the disease per se and not racial. 
Again, in an entirely unrelated disease, Mongolian idiocy, the facies 
is a part of the disease and is not hereditary. Unlike the changes 
in erythroblastic anemia, however, it is associated with a hypo- 
plasia of the bone.” 
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Splenic and liver punctures were done routinely in Caminopetros’ 
series. These show a more striking and characteristic picture than 
sections of the sternal marrow which usually proves to be normal, as 
in one of our cases (D. P.). 

In view of Caminopetros’™ statement regarding the Mendelian 
character of the red cell fragility this factor, as well as the blood 
grouping, was tested in the entire family. The results concur with 
his statement that healthy appearing siblings may present this stigma 
of the disease and are, therefore, potential carriers. 


TABLE 1.—Fracitity Tests or 


Hemolysis Hemol ysis 
begins. com plete. 
Mother... ~ « « « 0.40% NaCl 0.04% NaCl 
Control ‘ 0.42% 0.28% 
0.28% 


Attention is called again to the fact that sister Anna, who has 
normal red cell resistance to hypotonic salt solutions and is therefore 
probably not a carrier, does have a very striking Chinese facies. 

The blood groups of the 2 patients and the father fall among 
those commonly found in Caminopetros’ series, namely Group IV. 
Roentgen rays of the long bones and skull of the parents did not 
reveal any abnormalities. 

Summary. 1. Two cases of erythroblastic anemia are presented 
which have been followed over 12 years. 

2. A review is presented of earlier theories regarding the etiology 
and transmission of erythroblastic anemia with particular reference 
to more recent work at the Pasteur Institute in Athens. 

3. The result of studies there has led to the conclusion that eryth- 
roblastic anemia may be transmitted by healthy appearing relatives 
of those exhibiting the disease. 

4. These carriers may be recognized by testing their blood for 
resistance of the red cells to hypotonic salt solutions. It is invariably 
increased. 

5. This increased resistance is transmitted as a Mendelian 
recessive character. 

The author is indebted to Dr. Alexander Petrilli, Roentgenologist to the Children’s 
Hospital, for photographs of the Roentgen rays of these cases. 
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THe diagnostic import and the biologic significance of “ patho- 
logic’ immature cell forms in the peripheral blood of patients are 
sources for entertaining consideration. The appearance of immature 
cell forms in the blood permits one to guess at what is taking place 
at the less accessible points of origin in the hematopoietic system 
and one wonders what influences are responsible that these unicel- 
lular immatures or sports get away from home before they are 
mature enough to fend for themselves in the peripheral circulation 
and one wonders what their fate may be. 

Particularly, the appearance of actively dividing cells in the 
peripheral blood is thought stimulating both because of their rarity 
and because they suggest the uncontrolled behavior of the cells of 
malignant neoplasm. Examples of the amitotic division?“ of leuko- 
blasts are spectacular; the appearance of mitotic erythroblasts and 
leukoblasts is even more so.!~3.6-74.0,9.11,18,16 

It is the purpose of this report to call attention to the occurrence 
of leukoblastic mitotic figures in the peripheral blood of patients 
during the active stage of infectious mononucleosis, and to infer 
from the complete recovery of such patients that the discovery of 
these cell forms, when considered in conjunction with other findings, 
is not of serious prognostic significance. 

In a discussion of the cell forms of one of the author’s cases of 
leukemia? during 1929, Foster M. Johns related a case of infectious 
mononucleosis with recovery in which he had noted mitotic leuko- 
blasts. During 1931 the author displayed at the meeting of the 
American Medical Association a series of colored photomicrographs 
of the peripheral blood cell forms from John’s case and 2 other cases 
of infectious mononucleosis. Cells containing two nuclei and cells 
showing mitotic division were represented in the 3 cases. Nyfeldt" 
has published probably the first and only plate showing mitosis in 
this condition; Heck® states: “Immature lymphocytes and even 
mitosis have been described.” So far as I am aware, no other 
mention has been made of the mitotic cell in infectious mononucle- 
osis. If this is true, John’s observation is the first. 

The following remarks are based upon the study of 3 cases of 
infectious mononucleosis. It is unnecessary to record the cases in 
detail as they presented no unusual clinical features. 

It{would seem that the mitotic leukoblasts appear in the periph- 
eral blood during the course of infectious mononucleosis near the 


Fics. 1 to 6 Photomicrographs of peripheral blood from cases of infectious 
mononucleosis; these were made by Miss Stella Zimmer in the Photographic Depart- 
ment of the Medical School of the | hniversity of Syracuse through the courtesy ol 
Dr. W. A. Groat About & 1100 

Fics. lto3 Case 1, case of Foster M. Johns, a 20-year-old son of a physician com- 


plete recovery. Fig. 1: cell with 2 nuclei; Figs. 2 and 3: examples of mitosis 

Fics. 4 and 5.--Case 2, female aged 9 years; had a rather prolonged mild course 
ind exhibited slight secondary anemia Complete recovery lig t: cell with 
> nuclei; Fig. 5: example of mitosis. Dr. W. A. Groat has furnished the interesting 
omment on this cell after his examination of the stained blood smear Phis cell 


indergoing mitotic division at an early stage shows the full, 2n, number of chromo- 
omes, or at least of the order of 48 The others are so early in the prophase that 
vhile they seem to be of the 2n or normal type they have not Se} arated or arrange d 
themselves with sufficient regularity to make accurate count possible. Since none 
these cells had progressed beyond late prophase, there is no spindle formation and 
therefore no angles can be measured.” 
Fic. 6.—Case 3, probably a very early arrangement of the nuclear chromatin into 
arse Masses preparatory to mitotic division. 
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peak rise of the leukocyte count. As the number of such mitotic 
cells is small, they are best discovered by careful complete low- 
power examination with rather bright illumination of a number of 
polychrome-stained blood smears. In contrast to the leukemic 
blood picture, in which all stages of mitotic division may be found, 
I have discovered only the early stages of mitosis in infectious 
mononucleosis; in these stages the chromatin configurations are 
sharper and cleaner-cut than those seen in the early stages of mitosis 
in leukemic bloods. 

From the practical standpoint, it is important to call attention 
to these mitotic leukoblasts. The course of infectious mononucleosis 
often presents a problem of difficult differential diagnosis and hence 
prognosis in both the clinical picture and the blood picture. In 
those cases with a marked resemblance to leukemia, with a negative 
test for heterophile antibody, slight anemia, and the discovery of 
mitotic leukoblasts, an unnecessarily dark outlook could be taken 
of a relatively benign condition. The test of time makes the final 
diagnosis, but it is most difficult to wait. 

In general, one may say that the blood picture of infectious 
mononucleosis appears rather characteristic to the initiate (although 
one must exercise caution to remain in the initiate class). Classic 
descriptions‘ call attention to the vacuolization of the cytoplasm of 
the immature cells and more or less characteristic fenestration of 
the chromatin network of the nucleus of the immature cell. Blood 
platelets are present in normal numbers. There is little or no occur- 
rence of a progressive decrease in hemoglobin and red blood cell 
numbers, and no appearance of nucleated red blood cells (while 
leukemia produces a progressive anemia with the peripheral appear- 
ance of erythroblasts). Great help is derived from a positive hetero- 
phile antibody test or cell agglutinin adsorption test.6'°? The 
clinical course may be of little diagnostic value until improvement 
and eventual recovery occur. The story of this morbid entity has 
been so completely described that it requires no mention here.*>:81°-" 

Summary. In infectious mononucleosis, mitotic leukoblasts and 
other unusual cell forms may appear in the peripheral blood near 
the peak rise of the leukocyte count. The occurrence of such imma- 
ture and unusual cell forms is emphasized in order that confusion 
may be avoided in the diagnosis of this relatively benign illness 
which often resembles acute leukemia in many respects. 
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THE PROGNOSTIC SIGNIFICANCE OF EOSINOPHILS IN THE 
BLOOD IN PNEUMONIA. 


By Mark M. Bracken, M.D., 


DEMONSTRATOR IN MEDICINE, UNIVERSITY OF PITTSBURGH; ASSISTANT IN MEDICINE, 
MERCY HOSPITAL, PITTSBURGH, PA. 


(From the Mercy Hospital.) 


THE differential leukocyte count in pneumonia, as well as in other 
acute infections, has been the subject of study for many years, 
usually along lines such as those proposed by Arneth and Schilling. 
From such studies, based on daily or even more frequent counts, it 
has been claimed that a graph of the patient’s progress could be 
charted. 

The time required in making such examinations, and the indi- 
vidual variation in recognition of the stages of maturity of the 
neutrophils (and therefore individual error) have practically pre- 
cluded the use of such tests as routine studies in many clinics. A 
simpler and possibly more exact test might be a study of the pres- 
ence or absence of any one type of cell, and the correlation of this 
finding with the clinical state of the patient ill with pneumonia. 
Accordingly, from observations on the blood smears from cases of 
pneumonia which form the basis of this paper, we have limited our- 
selves to a study of the eosinophils, especially their relationship to 
prognosis. 

Previous studies have been made on the relationship of eosino- 
phils to pneumonia and other acute infections. Hinkleman® and 
others?" reported that eosinophils are absent from the blood in 
severe acute infections, and Eisenberg and Nemens* claimed that 
the eosinophils disappear with the onset of acute infections. Other 
reports*® substantiate these findings. Becker' claimed that the 
absence of eosinophils in pneumonia was an unfavorable sign, and 
stated that he had never found eosinophils in fatal cases. Whitby 
and Britton" agreed with this finding in general: “In cases of 
pyogenic infection, prolonged absence of eosinophils is associated 
with a bad prognosis.”” It has also been noted’ that in conval- 
escence from acute infections the eosinophils reappear in the blood 
and in many cases exceed the normal numbers. Kohlman’ and 
Rogatz” published studies of the Schilling index in pneumonia and 
claimed that “the reappearance of eosinophils was a favorable sign, 
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often confirming recovery.” Gradwohl’ states that the return of 
eosinophils in acute infections, particularly pneumonia, is “the dawn 
of convalescence.” 

In the pneumonia service at Mercy Hospital daily leukocyte 
counts are made on all cases during the febrile stage, and it is from 
ISO of these adult cases that the data for this report has been col- 
lected. Of the number, 163 had received the quinine derivative, 
hydroxyethylapocupreine,* while 17 had received only the usual 
symptomatic treatment. A few observations have been made on 
patients treated with antipneumococcic horse serum, but the num- 
ber is so small that these have been excluded from the series. A 
similar study, however, on this serum group might well be instructive. 


Method. Smears were examined daily until the leukocyte count had 
returned to normal and the patient had recovered clinically. A total of 
1046 smears were examined (average, 5.8 smears per patient, with a range 
of 1 to 33). Wright’s stain was used for all smears, and the smears were 
examined under the high dry lens. It is necessary to use the oil immersion 
only in corroborating the finding of eosinophils. To minimize the factor 
of personal error, all staining and examinations were a by one person. 
In 40 cases, 200 leukocytes were counted on each smear; in the remaining 
140 cases, from 500 to 1000 cells were counted. In those smears showing 
eosinophils, the cells were invariably noted before 400 cells were counted. 

Since the studies included in this paper were completed, we have been 
using the differential counting fluid suggested by Hinkleman.*¢ This fluid 
is used instead of the ordinary diluting fluid. It clearly stains the eosino- 
phils, thus making the recognition of these cells possible while the total 
leukocyte count is being done. In the comparatively small experience we 
have had with this method, the results justify its further use. 


Of the 180 cases, 120 recovered and 60 died. In the recoveries, 
the average number of daily blood smear examinations was 6.7, 
ranging from 1 to 17. The eosinophils were entirely absent from 
the blood stream for an average of 5.8 days after onset in 105 cases 
that recovered under treatment with hydroxyethylapocupreine 
(range | to 13 days). The absence of eosinophils lasted for an 
average of 8.8 days in 15 untreated recoveries (range 5 to 18 days). 

Six of the 120 recoveries showed eosinophils in the blood on 
admission. These were all early cases of mild pneumonia, recovering 
within 24 to 36 hours after institution of treatment with hydroxy- 
ethylapocupreine. In 42 cases eosinophils were present from 1 to 
5 days before any clinical evidence of recovery could be noted. 
In 55 cases the appearance of eosinophils and definite signs of 
improvement in the patient occurred at the same time, while in 
23 cases recovery preceded the appearance of eosinophils by 1 to 
3 days. 

At the time of appearance of eosinophils, the total leukocyte count 
in the individual cases ranged from 4400 to 32,000, with an average 
of 12,700. Eosinophilia was a frequent but not a constant finding, 
the normal range of eosinophils being taken as 75 to 240 per c.mm. 
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(1 to 4%). In the recoveries in our series, 58 cases (47) had an 
eosinophilia above 240 per c.mm. at some time during convalescence. 
The highest number of eosinophils in the recoveries ranged from 
24 to 1284 per c.mm. (average, 310). 

Of the 127 cases who showed eosinophils at any time during 
hospitalization, only 7 (3.8%) died. It is of interest to note the 
cause of death in these cases: 

C. B.—Pneumococcus Type II pneumonia, later developing pneumo- 
coccus Type II endocarditis; died 16 days after onset of pneumonia. 

G. Q.—Died of uncomplicated pneumococcus Type III pneumonia with 
bacteremia, but eosinophils were present only once shortly after blood 
transfusion had been given. 

L. S.—A Type II pneumonia with bacteremia. The eosinophils ap- 
peared on the eighth day of disease, accompanied by the clinical appear- 
ance of crisis, and a negative blood culture. The patient then developed 
delirium tremens and died on the ninth day of disease. 

R. Z.—An influenzal bronchopneumonia (bilateral, pneumococcus Type II 
with no bacteremia). Eosinophils were present on the third day only, and 
on that day there was a definite clinical improvement. Acute influenza! 
meningo-encephalitis developed on the fourth day of disease and the patient 
died at the end of the seventh day. Diagnosis of encephalitis was confirmed 
at autopsy. 

J. O.—Died of Staphylococcus aureus empyema 36 days after the onset 
of pneumonia. Autopsy showed resolution and organization of the pneu- 
monic process. 

M. C.—Died on the fifth day of disease, after 2 days of wild delirium 
tremens. There had been clinical improvement on the third day, the only 
time eosinophils were found in the blood. 

P. R.—Died on the thirteenth day of disease, of pneumococcic endo- 
carditis and meningitis, proved at autopsy. The lungs showed resolution 
and organization of the pneumonia. Eosinophils were present on the eighth 
day only. 


Six of these 7 cases (excluding the one in whose blood eosinophils 
were found only after transfusion) showed some clinical improve- 
ment when the transitory presence of eosinophils occurred. And in 
all 6 the eosinophils disappeared when the complications developed. 

Of the remaining 53 deaths, eosinophils were absent from the 
blood during the entire course of the disease. These patients had 
from 1 to 11 daily smears examined (average, 3.1). Of these, 44 
died of uncomplicated pneumonia. The remaining 9 developed fatal 
complications which need not be detailed here. 

Eisenberg and Nemens*‘ reported that they had never seen eosino- 
phils in the blood of pneumonia patients prior to the development of 
empyema. Such has not been our finding. Our cases developing 
empyema have been few in number, but most of them showed 
eosinophils early during resolution of the pneumonia, and preceding 
development of the empyema. The eosinophils then tended to 
disappear as the empyema developed. Indeed, one of the fata! 
cases developed empyema after a temporary reappearance of 
eosinophils. 
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It seems evident that the primary depression of eosinophils is 
due to the infection itself. We have no hypotheses to offer regarding 
either the reappearance of eosinophils in recovering cases, or the 
eosinophilia which occurs during convalescence. We have not 
noticed any association in the use of hydroxyethylapocupreine with 
either the continued absence of eosinophils or their reappearance, 
other than the fact that patients receiving hydroxyethylapocupreine 
showed eosinophils earlier than the untreated ones. This was 
apparently associated with their earlier clinical recovery. 

Conclusions. 1. Eosinophils are entirely absent from the blood 
early in the disease in severe pneumonia, but may be present early 
in milder cases. 

2. The appearance of eosinophils in the blood of pneumonia 
patients treated with hydroxyethylapocupreine or not specifically 
treated is an index of recovery, and may precede clinical improve- 
ment by one to several days. 

3. Eosinophils were not found in the blood of patients dying of 
uncomplicated pneumonia. 

4. The reappearance of eosinophils during the course of pneu- 
monia, while in itself a favorable sign, does not exclude the possi- 
bility of a serious and even fatal complication developing later. 
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AN EVALUATION OF THE PHENOLPHTHALEIN TEST 
OF WOLDMAN. 
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AND 
Josepu B. Kirsner, M.D., 
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CHICAGO, ILLINOIS. 


(From the Department of Medicine, University of Chicago.) 


IN a recent preliminary report Woldman‘ describes a simple test 
for the detection of a lesion in the gastro-intestinal tract. The test 
is based upon the qualitative determination of phenolphthalein 
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in the urine after the administration of 0.1 gm. in an alcohol solution 
by mouth. In a series of 112 cases Woldman found the error to be 
less than 3%. Our experience with 115 hospital patients is reported 
herewith to enable further evaluation of the test as a diagnostic 
procedure. 

The chemical and pharmacologic characteristics of phenolphtha- 
lein have been described very well by Vamossy* and Fantus.' Phe- 
nolphthalein is widely used as a mild laxative. In the bowel, it is 
dissolved by the bile and alkaline secretions; however, very little 
is absorbed, almost 90% appearing unchanged in the feces.2 It has 
been detected in the urine in some instances, 48 to 72 hours after 
ingestion.*- Phenolphthalein produces a pink or red color in alkaline 
solutions, and its presence in extremely high dilutions is shown 
distinctly by the addition of alkali to the urine. 

Method. The technique of examination used by us was essentially that 
recommended by Woldman. One gram of white phenolphthalein was 
dissolved in 100 ee. of 95% alcohol. The dose administered was 10 cc. of 
this solution or 0.1 gm. of phenolphthalein. The procedure was as follows 
The patient was allowed no food or water after midnight. The following 
morning at 7, a control urine specimen was obtained. Ten ce. of the phenol- 
phthalein solution, diluted to 30 ec. by the addition of water, was then admin- 
istered. The patient was instructed to drink the medication through a 
straw to avoid contact of the solution with possible ulcerations in the mouth. 
Special precautions were taken also to prevent contact of the medication 
with the patient’s hands, thus obviating the occurrence of false positive 
reactions which might result from contact of the drug on the fingers with the 
urine specimens. The patient was not allowed to eat or drink for 1 hour 
after taking the medication; the previous regimen then was resumed. Urine 
specimens were obtained at 7 a. M. (control) and then 1, 2, 4, 6, and 8 hours 
later. We noted, however, that in no instance was the 6 or 8 hour examina- 
tion positive without a corresponding result in earlier urine specimens, indi- 
cating that prolongation of the period of testing beyond 4 hours does not 
increase the diagnostic efficiency of the test. The specimens were examined 
fairly promptly as advised by Woldman. In many cases, as will be noted 
later, the test was repeated after a minimum interval of 72 hours. A portion 
of each urine specimen was poured into two containers, one to be used for 
comparison of color with the other portion, to which 10°, sodium hydroxide 
was added. The sodium hydroxide was added with a dropper until no more 
change in color took place. 


Clinical Study. The test was performed on 44 patients with gas- 
tro-intestinal disease; 30 of these had duodenal ulcers, 27 of which 
were considered to be active clinically and 3 inactive. The test was 
positive in 15 of the active cases. Eight of the 12 negative-reacting 
patients were examined twice with identical results. Negative 
reactions occurred in 2 of the 3 patients with inactive duodenal 
ulcers. One patient with a gastric ulcer gave a negative test when the 
ulcer presumably was healed, whereas the positive reaction appeared 
when the ulcer recurred, a definite crater being found roentgenologic- 
ally and occult blood being present in the stools. Three patients, 
each giving positive test, were not completely diagnosed at the time 
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of this report. In these 3 cases the validity of the positive test has 
neither been proved nor disproved. The remaining positive results 
in the group with organic gastro-intestinal tract disease were obtained 
in patients with atrophic gastritis, carcinoma of the stomach, chronic 
diverticulitis of the colon, miliary tuberculosis and carcinomatosis 
of the peritoneum. It will be noted (Table 1) that the test was nega- 
tive in 12 of the cases of active duodenal ulcer and positive in 1 of 
the 3 inactive ulcers. Negative reactions were encountered in this 
group in 17 cases when positive reactions presumably were to have 
been expected, giving a ‘‘negative” error of approximately 38%. 

TaBLe 1.—Resvui_ts oF PHENOLPHTHALEIN TEST IN PATIENTS WITH ORGANIC 

GASTRO-INTESTINAL DISEASE (44 Cases). 


Result. 
Diagnosis. Cases. Positive. Negative. 
Duodenal ulcer (clinically active) ae “oer 15 12 
(8 patients tested twice) 
Duodenal ulcer (clinically inactive) irs 3 l 2 
Atrophic gastritis 3 3 
(1 patient tested twice) 
Carcinoma of stomach 1 1 
Chronic diverticulitis of colon with benign papil- 
loma of sigmoid 1 l 


| 2 


(1 patient tested twice) 


Gastric ulcer 


Chronic bacillary dysentery 1 F 1 
Miliary tuberculosis with tuberculosis of small 

bowel 1 l 
Carcinomatosis of peritoneum (primary site un- 

known— Roentgen rays negative) 1 1 
Inflammatory stricture of rectosigmoid, benign 

polyps of rectum (biopsy) 1 
Unclassified: 3 


1. Hematemesis with gross blood in stools 
2. Secondary anemia; blood in stools ig 1 
3. Neoplastic involvement of sternum; gastric 

complaints vague 


18 


to 
| 


The phenolphthalein test, to be considered a reliable indicator of 
the presence of gastro-intestinal lesions, should be positive only in 
those cases with gastro-intestinal disease. To test this hypothesis, 
a group of 71 patients (Table 2), thought clinically to have no 
organic gastro-intestinal disease, were examined. The absence of 
a lesion was confirmed in most instances by Roentgen and laboratory 
studies, and in several patients at necropsy. The test was negative 
in 38 cases and positive in 33 (repeated twice in 14 of this latter 
group with identical findings). One patient with an unexplained 
low grade fever gave positive results in 4 tests repeated at intervals 
of 4, 16, and 24 days. The test was positive in 6 of the 7 cases of 
pulmonary tuberculosis; in the 6 positives two examinations were 
made. It is, of course, possible that these patients may have 
tuberculous involvement of the bowel, although in each case the 
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clinical findings did not indicate this possibility. Positive reactions 
were obtained in 11 of the 14 patients with various chest conditions, 
including tuberculosis. The explanation of this finding is not evident. 
Positive tests were obtained also in patients with diabetes, hyper- 
tensive heart disease, neurodermatitis, infectious arthritis, and sacro- 
iliac disease, among others. The “positive” error in this group was 
approximately 46%. 


TABLE 2.—RESULTS OF PHENOLPHTHALEIN TEST IN PATIENTS WITHOUT ORGANIC 
GASTRO-INTESTINAL DISEASE (71 Cases). 


Result. 
Diagnosis. Positive. Negative. 
Normal males 
Diabetes mellitus 
Pernicious anemia 
Luetic heart disease 
Hypertensive heart disease 
Hypertension — diabetes 
Arteriosclerotic heart disease 
Auricular fibrillation 
Vasomotor instability 
Obesity —postencephalitic 
Thyrotoxicosis 
Acromegaly 
Lues with splenomegaly 
C. N.S. lues—cirrhosis of liver 
Miliary tuberculosis (necropsy) 
Lupus erythematosus 
Pulmonary tuberculosis 
Bronchiogenic carcinoma of lung 
Sinusitis with bronchitis 
Bronchopneumonia 
Bronchial asthma 
Pleuritis (rheumatic or tuberculous) 
Psychiatric conditions 
Neurodermatitis 
Functional bowel distress 2 
Torticollis 1 
Postdiphtheritic pharyngeal paralysis 1 
Cellulitis of forearm l 
Unexplained fever (4 tests) 1 
Infectious arthritis 1 
Osteo-arthritis 1 
Infectious mass retrocecal region 1 
Streptococcus sore throat . 
Cholecystitis—cholelithiasis 1 
1 
1 
1 
1 
1 
71 


l 
l 
1 
l 
1 
l 
1 
7 
1 
l 


~ 


Bilateral hydronephrosis 
Subacute nephritis . 

Sacro-iliac disease 
Paget’s disease (skull and pelvis) 
Traumatic injury to back 


Totals 


It is interesting to note that positive reactions were obtained in 
all of the cases of pernicious anemia and all of those with atrophic 
gastritis without anemia. The question arises as to whether the 
phenolphthalein was absorbed through the atrophic gastric mucosa 
or through the intestinal mucosa, and whether the atrophic gastritis 
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is accompanied by or has any relationship to similar changes in the 
intestine which may affect the absorption of phenolphthalein. 

Summary and Conclusions. 1. The phenolphthalein test, as 
described by Woldman, has been performed, with minor additions, 
on 115 patients; 44 with organic gastro-intestinal disease and 71 
without a demonstrable gastro-intestinal lesion. 

2. The “negative” error in patients with gastro-intestinal disease 
was approximately 38%, while the “positive” error in those patients 
clinically without a gastro-intestinal lesion was about 46%. 

3. The phenolphthalein test cannot be relied on to prove or 
disprove the presence of a lesion in the mucous membrane of the 
gastro-intestinal tract. 
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A “NUMERAL TEST” IN TRANSVERSE LESIONS OF THE SPINAL 
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California Medical School.) 


In the determination of the presence of a spinal cord lesion as well 
as of its level, the examination of the sensibility plays an important 
and often a decisive rdle. This examination often enables us to de- 
termine more accurately than by any other clinical examination 
the level of a lesion in the spinal cord. It is chiefly in cases of com- 
pression of the spinal cord that we need exact determination of the 
level of involvement. 

The question arises as to which of the numerous efferent and 
afferent tracts of the spinal cord suffer first in a diffuse compression 
of the cord. When such a transverse lesion exists, the afferent 
tracts in the posterior columns in all probability suffer first and most 
severely. This is due to the fact that the posterior columns, as 
Brouwer has shown, are phylogenetically comparatively young 
structures. Foerster** has observed numerous cases of marked 
compression in which, of the ascending afferent tracts, only the 
posterior columns were affected. In these cases the simple sensory 
qualities such as sensibility to touch, pressure, pain and tempera- 
ture were preserved, and only the qualities specifically of the pos- 
terior columns were damaged. In all lesions on the posterior aspect 
of the spinal cord in which the posterior columns are immediately 
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affected—for example in posteriorly located tumor—the posterior 
columns of course suffer even more, and are affected very early. 
At all events, it may be accepted with some degree of certainty that 
in a compression of the spinal cord, the posterior columns apparently 
suffer earlier and more greatly than the anterolateral columns. 

This early and predominant affection of the posterior columns, 
both in diffuse lesions of the spinal cord and in lesions on its pos- 
terior surface, renders it especially desirable to have a method which 
permits exact localization of a level at which there may be an inter- 
ruption or damage in the conductivity of the posterior columns. 

As we know, the posterior columns conduct sensibility to touch, 
pressure, posture and vibration, and also the space qualities of the 
touch sensibility. 

For determination of the presence and level of an affection of the 
posterior columns, examination of the sensibility to touch and 
pressure is not appropriate because these sensory qualities are 
conducted through other spinal tracts also (the anterolateral 
columns). For technical reasons, examination of the vibratory and 
postural sensibility cannot yield the required information particu- 
larly with regard to the exact segment involved, especially in the 
area of the trunk. The space qualities of the touch sensibility com- 
prise: 1, sense of localization; 2, two-point discrimination; and, 3, 
recognition by feeling of forms (e. g., numerals) traced on the skin. 
If the space-sense of the skin is damaged by a lesion of the posterior 
columns, the sense of localization is markedly impaired and the 
patient makes such mistakes as ascribing a touch on a toe or finger 
to the wrong digit. The ability of the patient to recognize stimuli 
separated in location is markedly impaired. Two separated points 
may be recognized as such only when they are at a distance of 15 to 
20 em. apart. Disturbance of the space qualities of touch sensibility 
in a patient with a lesion in the posterior columns manifests itself 
further in that the patient is unable to recognize by feeling the direc- 
tion and length of lines drawn on his skin. But the most striking 
disturbance is evidenced by the inability of the patient to recognize 
by feeling numerals traced on his skin. 

The purpose of this article is solely to stress, from our experience 
of many years, the highly practical value of this much-neglected test 
of examination of superficial sensibility. While many of the leading 
textbooks on neurologic diagnosis, or on neurology, do not mention 
it at all, we find it referred to in the 7th edition of Monrad-Krohn’s 
work (but not in the 6th), in Cadwalader’s! book, and in a discussion 
by Fay?. Monrad-Krohn speaks of ‘‘writing figures on the surface 
of the patient’s skin,” but when numerals are written this test is 
more easily performed and gives more reliable results. 

This method, as far as we know devised by Foerster,” is ver) 
simple, is not tedious for either doctor or patient, and does not tak 
much time; it requires, of course, the coéperation of the patient. 
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With the patient lying down with his eyes closed, the examiner 
traces on the patient’s skin with a pointed but not sharp instrument 
(a nail, the butt of a percussion hammer, or a wooden stick) the 
following numerals: 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. The patient is 
asked to state immediately what figure has been written. It is 
advisable to write the numerals parallel to the body axis and on all 
portions of the body, especially the trunk; and to determine the 
line below which the figures are not recognizable and above which 
they are recognizable. It is amazing how easily even less intelligent 
patients can recognize numerals, though small in size, and how 
sharply defined the line may be between the area in which the 
numerals are recognizable and that in which they are not. 

Such a line corresponds exactly to the level of a transverse lesion 
of the spinal cord, and gives evidence of such a lesion earlier and 
more exactly than any other method. Foerster® reports cases of 
intramedullary tumors of which the only signs were spastic para- 
plegia and the inability to recognize, up to the involved level, numer- 
als written on the skin. Sensibility to touch, pressure, pain and 
temperature were normal throughout. In many cases of my own, 
especially in instances of extra-medullary tumor and even more so 
in cases of extradural tumor, I have found this method to be more 
reliable than any other test for diagnosis of a compression of the 
spinal cord and for determination of its level. In a recently observed 
patient of Dr. H. C. Naffziger (case of compression of the thoracic 
spinal cord with paraplegia in flexion and complete subarachnoidal 
block), the numeral test revealed complete inability on the part of 
the patient to recognize numerals written on the skin below the level 
involved. Since other sensibilities were much less markedly affected, 
it was assumed that the lesion probably lay on the dorsal surface 
of the spinal cord. At operation, Dr. Naffziger found a large heman- 
gioma on the dorsal surface of the spinal cord. 

If there is a contradiction between the results obtained by this 
test and the results obtained by testing other sensibilities (touch, 
pain and temperature), it is usually when the numeral test indicates 
a lesion situated higher than the test of other sensory qualities indi- 
cates. In these cases the numeral test should be given the preference. 
The explanation of this is as follows: The anterolateral columns 
which conduct sensibility to touch, pain and temperature are 
arranged in such a manner that the innermost layers conduct the 
sensibility of the upper segments. In cases of compression of the 
spinal column, these innermost layers may be spared; therefore 
the upper areas below the lesion of the spinal column may show 
normal sensibility to touch, pain, and temperature, and the anes- 
thesia for these qualities may begin much lower. In these cases 
the numeral test may reveal the actual level of a compression lying 
higher up; this is because the posterior columns have lower resistance 
and their whole area suffers from pressure. 
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The numeral test indicates a lesion of the posterior columns and 
of these only. This is best seen in patients with syringomyelia 
or gliosis spinalis. In these patients I have found on several occa- 
sions that numerals written on the skin of the affected area, that 
was completely anesthetic to pain and temperature, were very easil\ 
recognized, thus indicating that the posterior columns were intact. 

This simple test should be familiar to every neurologist and 
physician. Knowledge of this test and of other simple clinical 
methods of detection of transverse lesions of the spinal cord, as, for 
instance, that recently described by Kerr,‘ will certainly contribut« 
in some cases to early detection of spinal cord lesions and may help 
to save some patients from the necessity of undergoing a myelo- 
graphic procedure. 

Summary. A normal individual can easily recognize by his sense 
of touch different numerals written on his skin. A segmental dis- 
turbance of this ability indicates the presence of a lesion of the 
posterior columns. Very early and reliable determination of the 
presence and level of a transverse lesion of the spinal cord can be 
made by this test. 
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Ir is well known that a reduction in the apparent effectiveness of 
insulin follows the onset of infection and fever in patients with 
diabetes. Duncan, Fetter and Durkin® believed, on the basis ot 
clinical observations, that this was due to increases in the total 
metabolism. The present study was undertaken to further clarif) 
this problem. Wien" produced fever in rabbits by injecting killed 
Bacillus coli communis, and in this manner almost complete!) 
abolished the effect of insulin on the blood sugar concentration. 
The clinical studies presented here do not confirm Wien’s interpreta- 
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tions, though results of experiments on animals, particularly on 
rabbits, cannot always be applied to man without modification. 

Rabinowitch*’ studied the effect of a test dose of insulin on the 
blood sugar of diabetic patients with infections, with and without 
fever, and concluded that it was the infection and toxemia, not the 
fever, that reduced the effectiveness of the insulin. He based his 
conclusions on the blood sugar values found during the 3 or 4 hours 
which followed the injection of insulin, but it will be shown that 
more significant changes take place later. 


Methods Employed. We have attempted to determine the effect of 
alterations in metabolism, without toxemia or infections, on the effective- 
ness of insulin. We increased the metabolism of normal persons and diabetic 
patients (a) by artificial fever, produced by giving typhoid vaccine intra- 
venously and by using a Kettering hypertherm, and (6) by the oral adminis- 
tration of one dose of sodium dinitrophenol. The blood sugar concentration 
curve obtained after a test dose of insulin hydrochloride under these con- 
ditions is contrasted with the control curve obtained when the same amount 
of insulin was given but with no attempt to elevate the metabolism. The 
experiments were so planned that fever was present and the metabolism was 
raised during the test period. The time relationship between the onset of 
fever and the altered effectiveness of insulin is being investigated. 

All subjects were kept in the hospital and given a constant diet for at 
least a week before and during the whole period of observation. In the case 
of diabetic patients, the insulin was stopped for 2 days before the special 
studies were begun, in order that there should be a fasting hyperglycemia on 
the day of the test. 

The amount of insulin was not calculated entirely according to body 
weight, but for each patient a dose was given which was thought to be 
sufficient to produce a considerable reduction in the blood sugar level, with- 
out actually producing symptoms of hypoglycemia, as in the latter case, 
the secretion of epinephrin might affect the blood sugar values. 

To obtain the control curve the fasting blood sugar was taken at 8 a.m. 
and immediately the insulin was injected subcutaneously, and 10 gm. of 
carbohydrate, in the form of fruit juice, were given by mouth. Subse- 
quently, at 2-hour intervals, blood sugar estimations were made, each 
being followed by the administration of 10 gm. of carbohydrate. Apart 
from this, no food was given until the end of the experiment. Observations 
were continued until the blood sugar had regained its original level. 

All sugar estimations were made on venous blood, using Benedict’s! 
modification of the macromethod of Folin and Wu. 

Artificial Fever Studies. Mixed typhoid vaccine was given intravenously 
! to 6 hours before observations were begun, in a dose sufficient to produce 
a rise of temperature (101° to 103° F.) during the experiment. At 8 a.m. 
the insulin was given, and blood sugar estimations were made at 2-hour 
intervals as already described. When the hypertherm was used, the patient 
was placed in the machine soon after the insulin had been injected, and 
similar observations were made during the period of fever. The curves 
obtained were compared with the controls obtained under identical condi- 
tions, but without fever. 

Dinitrophenol Studies. It is known that an increase in metabolism of 30 
to 50° occurs within an hour of the oral administration of 5 grains of 
dinitrophenol. This is maintained for 24 hours and normal metabolism is 
restored in from 3 to 14 days (Simkins"*). In our study, sodium dinitro- 
phenol (5 grains) was given by mouth in a single dose at 6 a.m. on the day 
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of the experiment. At 8 a.m. the same amount of insulin as was used in 
the control was given and blood sugar values were obtained and 10 gm. of 
carbohydrate were given at 2-hour intervals as already outlined. 


The effectiveness of a given dose of insulin may be judged by the 
extent of the depression of the blood sugar below its fasting level 
and by the time taken for the blood sugar to return to this level. 
These values may be compared with the controls and alterations in 
the effectiveness can thus be determined. 


100 
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Insulin + Fever 
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Results. ‘len patients were given artificial fever, 3 of them having 
diabetes. There was little difference between the fasting blood sugar 
of the controls and the experiments; but, of the 7 non-diabetics, 
6 showed a greater initial fall in the blood sugar level with fever 
than without. Five of the 7 showed a 20 to 50% reduction in the 
duration of insulin action, and in the remaining 2 there was little 
change. All 3 diabetics showed a shortening of the period of insulin 
action, and in 2 the depression of the blood sugar was less. Thus, 
for the whole group the most striking effect produced by fever wa: 
not a smaller fall of the blood sugar level but a shortened duration 
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of insulin action. ‘Typical blood sugar curves obtained with normal 
and diabetic subjects are shown in Figures 1, 2 and 3. 

Four patients were given dinitrophenol, and in all there was a 
definite shortening of the period of insulin activity (from 17 to 33%). 
Two cases showed a greater fall in blood sugar and in 2 there was 
no change in this respect (Fig. 4). 
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—© Insulin + Fever 
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Fig. 2. 

Fics. 1 and 2.— Blood sugar values obtained in 2 normal subjects after the injection 
of 35 units of unmodified insulin, with and without fever show the shortened duration 
of action of insulin during fever, with little change in the degree of depression of the 
blood sugar below the fasting level. The fever, in both subjects, was produced by 
the hypertherm. 


Discussion. ‘The basal metabolism during artificial fever has been 
studied by Schafer-Fingerle,? who found that an increased tissue 
oxidation accompanies the fever and may occur independently of it. 
Similarly, with sodium dinitrophenol, the metabolic stimulation is 
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accompanied by an increased tissue oxidation, mainly at the expense 
of fat (Simkins'’), although there is usually no rise in temperature 
after its administration. The effect of both of these factors—fever 
and dinitrophenol administration—on the blood sugar curves follow- 
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Fic. 3.—Blood sugar values in a diabetic subject, after 30 units of unmodified 
insulin were given subcutaneously, are contrasted with those after the same amount 
of insulin during a period of artificial fever produced by typhoid vaccine. In the 
former, the fasting blood sugar was not regained in 18 hours, while in the latter it 
was regained in 14 hours. Note that the actual fall in the blood sugar concentration 
in each case was almost identical. 


ing the injection of insulin is the same—namely, a shortening of 
the period of insulin activity, and it is reasonable to suppose that 
this is due to increased peripheral utilization of insulin by the tissues 
during increased metabolic activity. It would seem that increases 
in the total metabolism shorten the period over which insulin is 
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active. However, we realize that this is not apparent during 
physical exercise when much glucose is oxidized. 

The effects of the increased metabolism in hyperthyroidism, and 
those produced experimentally by the oral administration of thyroid 
substance have aiso been, and are being, studied, but the results are 
difficult to assess because of the changes in liver glycogen and body 
weight which occur. On the whole, they support the observations 
of de Wesselow and Griffiths,* who found that insulin-resistant cases 
of hyperthyroidism became normally insulin sensitive after the 


BLOOD 
SUGAR 
MGM.% 
40 Insulin U. 40 
O— —© Insulin + Sodium 
r Dinitrophenol 
20 F 
0 2 4 6 8 10 12 14 16 18 


TIME (HOURS) 


Fic. 4.—The blood sugar values, after 40 units of unmodified insulin were given to 
a patient with diabetes, are contrasted with those found after the same amount of 
insulin and a single dose of sodium dinitrophenol were given. In the former, the 
fasting level was regained in 18 and in the latter, 12 hours. The patient was afebrile 
throughout the experiment. 


basal metabolism was reduced by medical treatment and partial 
thyroidectomy. 

The conclusion reached from these studies, therefore, is that an 
increase in metabolism, physical exercise excepted, constantly pro- 
duces shortening of the duration of action of insulin, with often a 
slightly greater depression of the blood sugar level. The action of 
sodium dinitrophenol in stimulating metabolism is a direct one on 
the tissue cells, and this effect can be demonstrated in vitro in 
isolated organs perfused with a dilute solution of the drug (Dodds 
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and Greville; Muntwyler*). For this reason, we feel that the 
results in both series of experiments have been produced by the 
increase in metabolism and that it is unlikely that an increased 
secretion of the anterior pituitary is responsible. Collip has isolated 
a specific metabolism-stimulating hormone from the pituitary, 
formed probably in the pars intermedia, which can increase metab- 
olism in the absence of the thyroid and adrenal glands, and in the 
rat can abolish the hypoglycemic effect of insulin (O'Donovan and 
Collip;’ Collip?). In our experiments, an increase in metabolism 
had little effect. on insulin hypoglycemia, but did produce a shorten- 
ing of the duration of action of the insulin. 

It is interesting to correlate these results with clinical findings in 
infections in diabetes. Often enormous doses of insulin are required 
to keep the blood sugar within normal limits, but the shortening of 
the duration of action is not by itself sufficient explanation for this, 
although it is undoubtedly of importance. Reeently, in a mild 
diabetic with a urinary tract infection and gangrene, we found it 
necessary to give 50 units of insulin every 2 hours, or 600 units in 
the 24 hours, in order to control the diabetes, although after con- 
valescence, no insulin was required. Here, obviously, some other 
factor or factors must have played a part—possibly an inactivation 
of insulin in the circulating blood by a trypsin-like enzyme derived 
from broken-down leukocytes in the infected areas, or else hyper- 
secretion of the thyroid, adrenal, or anterior lobe of the pituitary. 

Summary. |. Alterations in metabolism in normal and diabetic 
subjects, produced by artificial fever and sodium dinitrophenol, 
have been shown to shorten the period of insulin activity, with little 
change in the actual degree of depression of the blood sugar. Other 
factors beside the fever and the increase in metabolism are necessar\ 
to produce the great insulin resistance found clinically in diabetic 
patients with acute infections. 

2. These results give experimental proof of the advisability of 
giving frequent doses of insulin to diabetic patients with infections 
and fever. 

The authors wish to thank Dr. William Wolff for supervising the laboratory work 
and Dr. Ferdinand Fetter for his coéperation in obtaining the hypertherm studies 
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(From the Northwestern University Medical School, Chicago, and the Department 
of Medicine, Evanston Hospital Association.) 

Tus paper is the result of the study of the blood plasma cevitamic 
acid concentrations in 100 adult medical patients in a general hos- 
pital. The first 100 individual determinations requested at the 
hospital laboratory were taken as a group and no selection of patients 
was made other than that occurring as the result of the varied interest 
of numerous attending men in ordering the determinations. The 
method of Farmer and Abt! was used in making all determinations. 
Nearly all these estimations were made on private patients who were 
of an economic and social status that would presuppose a sufficiency 
of any desired diet. 

In order to establish a normal plasma value as a point of reference 
in this investigation, the bloods of 50 student nurses in good health 
were checked. In this control group values from 0.60 to 1.12 mg. 
of cevitamic acid per 100 cc. of plasma were found. The average 
was 0.81 mg. %. This is in general agreement with Farmer and 
Abt,' Rivers and Carlson,” and Portnoy and Wilkinson." 

Deficient Group (88 Patients). As the study progressed it was 
found that a surprising number of very low values was being found 
in spite of the fact that all specimens were run within 30 minutes 
after the blood was drawn from the vein. This led us to consider a 
study of those that might be called definitely deficient in vitamin C 
to see if there were any particular clinical minifestations. With this 
in view we selected 0.40 mg. % (7. e. mgm. of cevitamic acid per 
100 ec. of plasma) as an arbitrary deficiency point. We discovered 
38 patients below and 62 above this level. In this study, the 38 
below 0.40 mg. % will be called the deficiency group. 

In this deficiency group, 3 patients were in the range from 0.10 
to 0.20; 16 in the range from 0.20 to 0.30 and 19 in the range from 
0.30 to 0.40 mg. %. The lowest was 0.12 and the average 0.30. 
Twenty-five (66%) entered the hospital with a recent history or 
present symptoms of gastro-intestinal dysfunction or disease of a 
degree that had led to a diet definitely lacking in vitamin C content 
for from 1 month to 3 vears. Of the remaining 13, 11 (26%) gave 
a very suggestive history of such deficiency, while but 3 (8%) 
gave a story suggesting adequate vitamin C intake (Table 1). 
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TABLE 1.—Vi1TAMIN C INTAKE. 


Deficiency Group, Normal Group 
0.40 mg. % or below. 0.40 mg. % and above. 
Diet. No. %. No % 
Definitely deficient vitamin C intake 25 66 5 8 
Suggestively deficient vitamin C intake 10 26 13 21 
Adequate vitamin C intake : 3 8 44 71 


Note the % in each group on an adequate diet. 


lis group 15 %) had active peptic ulcers as their chief 
Of thi 15 (40%) had act tic ul tl hief 
complaint and their plasma cevitamic acid concentration varied from 
0.12 to 0.40 (average, 0.31 mg. %). Thirteen (34%) had had recent 
active gastro-intestinal hemorrhage as evidenced by hematemesis or 
melena at the time of hospitalization or during the previous week. 
Tinie conrentrat as 0.27 me. % (Table 2 
lelr average plasma concentration was U.2¢ mg. % (labie =). 


TABLE 2. INCIDENCE OF Peptic ULCER AND GASTRO-INTESTINAL HEMORRHAGE 


Deficient Group, Normal Group, 


0.40 mg.% 0.40 mg. % 

and below. and above 
Peptic ulcer . 40% 5% 
Gastro-intestinal hemorrhage* 34% 3% 


* Nearly all of these hemorrhages were in ulcer cases. 


An attempt was made to observe oral signs of vitamin C deficiency 
among these people. Sixty-four per cent had caries, spongy gums 
or well developed gingival infections. Thirteen per cent were eden- 
tulous, while but 24% had teeth and gums in good general condition. 
It is of interest to note that we found no mucous or epidermal pete- 
chie or suggillations (Table 3). 


TaBLeE 3.—ORAL Signs or Vitamin C DEFICIENCY. 


Deficiency Group of 38, Normal Group of 62 

0.40 mg. % 0.40 mg. % 

and below and above 
Teeth and gums. No. %. No. %. 
Caries , 12 32 4 6 
Pyorrhea or spongy gums 12 32 2 3 
Edentulous 5 13 4 6 
Good condition 9 24 52 84 


In reviewing the entrance blood counts we were unable to find 
any correlation of anemia with the low cevitamic acid levels of 
the blood plasma. In 6 cases presenting a definite secondary anemia, 
but not clinical scurvy, the administration of 75 to 100 mg. of cevi- 
tamic acid daily by mouth gave no reticulocyte response. This 
dosage may have been insufficient for such response, although such 
response has been reported by other workers in scorbutic anemias.* 

The matter of final diagnoses made is of interest as they have a 
direct relationship to the dietary histories and vitamin C intake. 
Of the 38 cases in this deficient group, 32 (84%) had dysfunction or 
disease of the gastro-intestinal tract. Fifteen (40%) had active pep- 
tic ulcers. Only 4 instances of active infection were noted (Table 4). 
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TABLE 4.—FInat DIAGNOSIS. 


Cases Cases 
0.40 mg. % 0.40 mg. % 
Diagnosis. and below. and above. 

Peptic ulcer 15 3 
Other diseases of the gastro-intestinal tract 10 4 
Cirrhosis of liver 3 l 
Food allergy l 4 
Banti’s disease 1 0 
Pernicious anemia | 3 
Thyroid dysfunction 2 2 
Drug addiction l 0 
Subdiaphragmatic abscess 1 0 
Estrogenic deficiency 1 4 
Chronic phlebitis l 0 
Nervous and mental diseases l 16 
Diseases of urinary tract 0 6 
Acute respiratory tract infections 0 7 
Cardiac disease 0 3 
Arthritis—acute 0 5 

chronic 0 3 
Dermatitis (generalized eczema) 0 1 


Non-deficient Group (62 Patients). In contrast to the findings of 
the deficient group are the remaining 62. Their average plasma 
cevitamic acid was 0.71 mg. %. Considering the dietary histories, 
we find but 8% that could be considered definitely deficient and 
21% suggestively deficient in vitamin C content, whereas 71% had 
been on adequate diets (Table 1). Here too, we find but 2 instances 
of recent gastro-intestinal hemorrhage, and both of these had cevi- 
tamic plasma concentrations below 0.50. There were but 3 cases of 
peptic ulcer, with an average plasma content of 0.70 (Table 2). 
Only 10% had caries, spongy gums, or gingival infection; 6% were 
edentulous; and 84% of this group of 62 had teeth and gums in 
good general condition (Table 3). 

Discussion. The conception of subclinical or asymptomatic states 
of vitamin deficiency is not new and yet such conditions are fre- 
quently overlooked because definitely deranged physiology or dis- 
ease entities are not grossly demonstrable.?" Since this is so often 
true we were prompted to study these 100 patients in an attempt to 
determine the frequency of cevitamic acid deficiency and its mani- 
festations, if any. These people were a group which, because of 
their economic security, we suspected might have a very low incidence 
of vitamin deficiency. Thirty-eight per cent had less than half the 
normal concentration of cevitamic acid in their blood plasma. In 
comparing these so-called deficients with the normal group it 
was found that gastro-intestinal dysfunction or disease was the 
greatest etiologic factor, being present in 84% of the deficient 
group. It is worth noting that economic ability to obtain a balanced 
diet is no indication that it is done. Such ability is far outbalanced 
by the fact that gastro-intestinal discomfort so commonly limits 
the range of foods eaten. Faulkner and Taylor® among others have 
shown that infection has a decided influence upon depletion of the 
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cevitamic acid content of the body. In our series of 38 deficients 
there were only 4 that had general or local infection so we feel that 
this factor does not seriously affect our statistics. 

The high percentage (40%) of peptic ulcers in the deficient group 
requires consideration. Several authors®"” have also remarked 
upon the frequency of low cevitamic acid levels in cases of peptic 
ulcer. While it is true that many patients with peptic ulcer are 
often on restricted diets for prolonged periods, it has been noted® 
that the usual normal maintenance dose of cevitamic acid is often 
insufficient in these people. It is probably worthy of consideration 
that all attempts at ulcer therapy aim at decreasing the acidity of 
the gastric contents and cevitamic acid is increasingly unstable as 
the pH of a solution increases. The fact that 349% of the deficiency 
group had active gastro-intestinal hemorrhage at the time of admis- 
sion, or within the previous week, is of particular interest in view of 
present conceptions of the physiologic réle of cevitamic acid. Since 
cevitamic acid is a powerful reducing agent, it is necessary to the 
balanced chemistry of cellular oxidation and reduction.?- When this 
balance is upset, as, for instance, by lack of sufficient cevitamic acid, 
the blood-vessels among other tissues are weakened and bleeding 
results.7:%* Wolbach visualizes this conception in another way when 
he portrays capillary failure as being a specific instance of general 
supporting tissue inability to produce and maintain intercellular 
substances. To quote:“* ‘Whatever other réles vitamin C plays 
in the chemistry of the body, it is indispensable for the formation 
of all intercellular substances, the collagen of all fibrous tissue struc- 
tures, the matrices of bone, tendons and cartilages and possibly all 
non-epithelial cement substance including that of the vascular 
epithelium.” 

Whether or not capillary fragility or even endothelial lesions in 
the larger blood-vessels are etiologic factors in the formation of peptic 
ulcers or hemorrhage from them is of course still unproved. However, 
the high incidence of peptic ulcers and hemorrhage associated with 
peptic ulcer found in the presence of vitamin C deficiency by our- 
selves and others, together with the present conceptions of its physio- 
logic réle as mentioned above, would seem to emphasize the import- 
ance of preventing such depletion in ulcer cases, not only while they 
are active but after healing has taken place. 

No cases of clinical scurvy were recognized although 3 patients 
with values between 0.10 and 0.20 were studied. Two of these had 
plasma values of 0.12 mg. % and a careful history disclosed that there 
was every reason to believe that such a low level had been maintained 
for at least 6 months and probably much longer. 

The conclusions of Dunlop and Scarborough* indicate that pro- 
longed vitamin C deficiency may be necessary for the development 
of the anemia of scurvy and in such cases they obtained a reticulocyte 
response to orange juice. We fqund no correlation between anemia 
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and low vitamin C levels, nor did we get any reticulocyte response 
in 6 cases with a definite secondary anemia associated with such low 
levels. It is possible that synthetic vitamin C such as we used is 
not the true antianemic factor in scorbutic anemia, for the above- 
mentioned authors used orange juice.’ 

In no case did we find spontaneous petechie or subcutaneous or 
submucous hemorrhages, and, other than the high incidence of 
caries and gingival infections, no other suspicious symptoms of 
scurvy were observed. We are unable to account for the absence of 
signs of clinical scurvy in people with a definite depletion of plasma 
cevitamic acid extending over prolonged periods. Because of this 
we are led to wonder if some other factor than cevitamic acid, as 
revealed by the test of Farmer and Abt, may be involved in the pro- 
duction of clinical scurvy in the adult. 

Summary and Conclusions. Of 1() consecutive patients hospital- 
ized for medical investigation or treatment, 38 had plasma cevitamic 
acid concentrations below 0.40 mg. % as determined by the method 
of Farmer and Abt. Values as low as 0.12 mg. % were found although 
all determinations were completed within one-half hour after blood 
was obtained from the vein. These 38 were regarded as definitely 
deficient in cevitamic acid and were studied as a group and compared 
with the remaining 62. Only 4 of the deficient group had active 
infection. The remaining 62 of the 100 studied had plasma cevitamic 
acid concentrations varying from 0.40 to 1.44 with an average of 
0.71 mg. %. Only 8 were above 1.00 mg. %. 

Of the deficient group of 38, only 8% were on a diet adequate in 
vitamin C, while in the non-deficient group 71% gave diet histories 
indicative of adequate vitamin C intake. 

A control group of 50 healthy student nurses on an ordinary 
balanced diet gave plasma cevitamic acid values of from 0.60 to 
1.12 mg. % (average 0.81). 

Dental caries and gingival sepsis were common in the deficient 
group, while the reverse was true in the normal group. 

Moderate to severe grades of cevitamic acid deficiency are not 
uncommon among people economically able to obtain a sufficiency 
of foods which presumably would prevent it. 

Gastro-intestinal dysfunction or disease ranked high as a factor 
in such deficiency. 

Patients with peptic ulcers and especially those with gastro-intes- 
tinal hemorrhage frequently have exceedingly low plasma cevitamic 
acid concentrations. 

Extremely low plasma concentrations of cevitamic acid may exist 
without any striking clinical manifestations. 

No correlation of anemia with vitamin C levels in the blood could 
be determined, nor was a reticulocyte response noted in 6 cases with 
very low plasma cevitamic acid levels that were given 75 to 100 mg. 
of synthetic cevitamic acid daily by mouth. 


~ 
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No definite symptoms or signs of scurvy other than gingival sepsis 
and caries were detected, although plasma values as low as are seen 
in scurvy were encountered. This would seem to indicate that there 
may be some other factor than a cevitamic acid deficiency involved 
in the etiology of scurvy as a clinical entity. 
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BOOK REVIEWS AND NOTICES 


Tue GeNuINE Works or Hippocrates. Translated from the Greek by 
Francis Apams, LL.D., Surgeon. With an Introduction by Emerson 
Crosspy Ketity, M.D. Pp. 384; 8 plates. Baltimore: The Williams & 
Wilkins Company, 1939. Price, $3.00. 

In this volume are reprinted the translations of the “genuine works of 
Hippocrates’ made by the Scottish surgeon, Francis Adams, at the request 
of the Council of the Sydenham Society and first published by the Society 
in 1849. The present edition by Emerson Crosby Kelly is itself apparently 
a page for page reprint of the “ Works of Hippocrates”’ published in Medical 
Classics under Dr. Kelly’s compilation in September, October and Novem- 
ber, 1938, although the fact is nowhere stated in the bound volume. The 
two publications differ only in the appendage of an index to the latter. 
Dr. Kelly, in reprinting Adams’ classic, has reproduced the translations 
verbatim, but has omitted most of the footnotes and all of the textual ‘‘argu- 
ment’ accompanying the translations in the original edition. A good deal 
of the flavor of the original Adams text has been lost in so doing; but, on 
the other hand, the editor has been quite successful in his purpose of pre- 
senting “‘a continuous and connected picture of medicine in the Golden Age 
of Greece.”” Each method has its value and the reader can return to the 
original Sydenham publication or the two subsequent reprints for Adams’ 
scholarly annotations. Dr. Kelly wisely refuses to commit himself on the 
authenticity of the writings attributed to Hippocrates in the volume, and 
restricts himself to simple quotation of Adams’ own recapitulation of his 
investigations as published in the first edition of the Genuine Works of 
Hippocrates. Dr. Kelly has removed the Oath from its previous position 
between the Aphorisms and the Law and replaced it with italicized emphasis 
at the opening of the translations. The Plate figures and accompanying 
explanations, which are divided in the two volumes in the original edition, 
appear as a single running series at the end of the present volume. The 
binding is handsome, and the paper and printing are excellent. E. L. 


SHOCK AND RELATED CAPILLARY PHENOMENA. By Virait H. Moon, A.B., 
M.S8c., M.D., Professor of Pathology, Jefferson Medical College; Direc- 
tor of Laboratories, Jefferson College Hospital, ete. Pp. 442; 30 illustra- 
tions and 5 charts. New York: Oxford University Press, 1938. Price, 
$3.50. 

Dr. Moon has filled a real need with his book on shock in emphasizing 
the pathologic anatomy of this condition. The essential feature of shock 
is capillary stasis, most marked in the lungs and viscera. Microscopic 
examination shows acute edema and capillary hemorrhages with extrava- 
sations of blood into the lungs, liver, kidneys and intestinal mucosa. This 
capillary congestion produces the fundamental defect in shock, which is 
the loss of circulating blood volume. 

There is no doubt about which one of the theories of shock the author 
endorses. He sets his banner aloft: ‘‘The only proposed explanation for 
shock with which these morphologic observations are compatible is that set 
forth under the considerations of Traumatic Toxemia.”’ According to this 
concept there are formed in traumatized tissues certain toxins, similar to 
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histamine, which are absorbed into the circulating blood. These toxic sub- 
stances are thought to cause dilatation and increased permeability of cap- 
illaries in other parts of the body. The process of segregation of blood from 
the circulation is thus initiated. This concept was advanced during the 
World War by Quénu and was supported by Cannon and Bayliss. It rested 
chiefly upon the close analogy between shock produced by trauma and shock 
produced by the injection of histamine. Attempts to demonstrate the 
presence of this hypothetical toxin in the circulating blood, however, have 
so far been unsuccessful and the majority of investigators today deny its 
significance in the production of traumatic shock. 

Although he admits that proof for the toxemic hypothesis is lacking, 
Dr. Moon adheres strongly to it. Possibly too much space is accordingly 
given to detailed analysis of the shock which follows parenteral injection 
of toxic substances. Traumatic shock, the type seen after massive injuries, 
is not described. 

With such emphasis on the toxemic theory, it is not surprising that insuf- 
ficient attention is given to other aspects of shock which are generally rec- 
ognized as significant. Although he accepts the fact that plasma and blood 
are lost into traumatized or inflamed areas, the author does not include 
this loss as one of the major causes of shock. Again, no emphasis has been 
placed on the nervous aspect of shock. In his discussion of the significance 
of emotion and pain, there is evidence of lack of understanding of the 
essential mechanisms involved. One of his statements is also open to ques- 
tion, that “‘shock can be produced when all nerve paths between the brain 
and the body have been severed.” 

The first five chapters of the book discuss capillary physiology and path- 
ology. This review is good. When he attempts to interpret his observa- 
tions on the morphology of shock in terms of capillary physiology, the 
author appears to be uncritical in accepting the opinions of other writers, 
especially if they coincide with his own ideas. There is no doubt about the 
reasonableness of his concept of shock but the picture may be a bit too 
facile. For instance, in his discussion of histamine he remarks, “Its very 
presence implies a physiologic purpose.”’ 

In his discussion of the evidence against the toxemic theory of shock, 
he brings out clearly certain objections to the experimental technique of 
other investigators, which it seems worth while to repeat: ‘“‘(a) A decline 
in blood pressure is not an accurate criterion. (b) The deep narcosis used 
often causes low blood pressure and other shock-like manifestations. (c) 
Variable amounts of blood and fluid are lost incident to the trauma. (d) It 
is not possible to study minor degrees of shock nor to make later observa- 
tions.” It seems to the Reviewer that these criticisms of the work of others 
are valid. The author also states a principle for the evaluation of any 
concept of shock which, though truistic, may also be repeated. ‘ Incom- 
patibility with any established fact will invalidate any proposed expla- 
nation.”’ 

In spite of these rigid qualifications Dr. Moon is not especially critical 
of his own experimental methods. In his experiments “‘shock was induced 
without hemorrhage or trauma by introducing muscle substance intraperi- 
toneally..... These methods eliminate deep narcosis and hemorrhage as 
factors’; yet in the same chapter he asserts: ‘ Frequently shock follows an 
injury in which blood has been lost, and hemorrhage may be a grave com- 
plicating factor.” 

He frequently indulges in analogy. For instance, when he uses the 
phenomenon of local sweating to tie together urticarial wheals and the 
manifestations of shock, he makes the comment, “ We have attempted no 
studies on the physiologic nature of this reaction but have assumed it to be 
a local phenomenon—this local perspiration supplies, then, another analogy 
between wheals and shock.” . 
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Dr. Moon has rightly emphasized that the phenomena of shock are 
present in many terminal conditions and I believe that he interprets these 
changes correctly as the result of anoxia, 7%. e., inadequate oxygen supply 
to the tissues. When he states “‘that shock is merely the approach of death 
by the usual mechanism,” there are few who would disagree. 

On the practical side, he recognizes clearly that hemoconcentration takes 
place through loss of plasma from the circulation and that this concentra- 
tion of the blood plays a dominant réle in the production of shock. When, 
however, he advocates the use of determinations of hemoconcentration as 
the one best means for the clinical evaluation of shock, there are few who 
would follow him. Many feel that hemoconcentration may not be present 
sufficiently early and it may be lacking because of concomitant hemorrhage. 
He discards estimations of blood volume and blood flow because they are 
not sufficiently simple to be used, and yet he makes no mention of the 
volume of the pulse nor the temperature of the skin, clinical tests which 
have been used to evaluate the volume and flow of blood for centuries. 
He states that “experience indicates that hemoconcentration is the earliest 
detectible sign of shock.’’ This may be so for the type of shock produced 
by intraperitoneal injection of muscle pulp or bile: but there is much 
doubt that this statement will hold true for all clinical cases of surgical 
shock. 

As a definition of shock, Dr. Moon proposes the following: “Shock is a 
circulatory deficiency, neither cardiac nor vaso-motor in origin, character- 
ized by decreased blood volume, decreased cardiac output (reduced volume 
flow) and by increased concentration of the blood.’’ All clinicians will 
agree that a condition indistinguishable from surgical shock may be pro- 
duced by coronary thrombosis; one example, at least, where shock is cardiac 
in origin. Again, experimental evidence indicates that shock can be pro- 
duced by vasomotor activity. Perhaps, if the word ‘‘necessarily’’ had been 
inserted in the second clause of the opening sentence, the definition would 
be less open to criticism. 

The service which Dr. Moon has performed is to bring into prominence 
the morphologic aspect of shock and to relate it to the physiologic defect 
of capillary stasis. Though both observations have previously been pointed 
out by Erlanger and his group, it is well that this essential fault should be 
emphasized. N. F. 


PrincipLes OF HematoLocy. With 100 Illustrative Cases. By 
L. Hapen, M.A., M.D., Chief of the Medical Division of the Cleveland 
Clinic, Cleveland; Formerly Professor of Experimental Medicine in the 
University of Kansas School of Medicine, Kansas City, Kansas. Pp. 
348; 155 illustrations and a colored plate. Philadelphia: Lea & Febiger, 
1939. Price, $4.50. 

Tuts new book on hematology emphasizes mechanism throughout. It 
is an attempt at simplification, designed for students and physicians. The 
opening chapters provide an admirably clear description of the normal and 
abnormal physiology of the hematopoietic system, with excellent photo- 
micrographs and diagrams. Technical descriptions are limited to selected 
procedures. Marrow examination and supravital staining methods are 
omitted, although the estimation of hemoglobin by the iron content method 
is described in detail. 

The clinical descriptions are incomplete. The hematological “entities”’ 
are merely limned and treatment is given but brief attention. Information 
concerning a given topic is sometimes to be found only by searching through 
various sections of the book. Complete information is sometimes lacking. 
For example, in the discussions of sickle cell anemia no differentiation is 
made from ‘“‘sicklocytosis,” nor is mention made that these conditions 
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occur almost exclusively in the negro. Again, ovalocytosis is used inter- 
changeably with “oval cell anemia.” 

One hundred hematologic case summaries are presented in groups 
designed to illustrate differential diagnosis. While instructive, this arrange- 
ment results in considerable repetition. Cases of pernicious anemia are 
thus to be found under groupings headed “Clinical Classifications of 
Anemia,” “‘Macrocytic Anemia, “Cryptic Anemia,” and “ Pernicious 
Anemia.” One case protocol is headed “Mac rocytic Anemia Due to Reticu- 
locytosis,”’ a title apt to introduce misleading ideas of etiology into the 
mind of the tyro. 

This book is welcomed as a valuable addition to the modern hematologic 
library. It is an especially excellent summary of the hematologic “ indices”’ 
that are now so popular. Your reviewer is old fashioned enough, however, 
to regret the lack of systematic rounded clinical discussion of specific 
subjects. A. C. 


FAILURE OF THE CrRCULATION. By TInsLeEY RANDOLPH Harrison, M.D., 
Associate Professor of Medicine, Vanderbilt University School of Medicine, 
Nashville, Tenn. Pp. 502; 61 illustrations and 22 tables. Second edition. 
Baltimore: The Williams & Wilkins Company, 1939. Price, $4.50. 
THE principal change from the first edition has been the amplification of 

the discussion of angina pectoris. Such terms as “hypokinetic syndrome” 

and ‘“‘dyskinetic syndrome,” which were prominent in the first edition, have 
been largely replaced by simpler expressions such as “forward failure’’ and 

“backward failure.” 

The ideas of the author on certain controversial questions are more 
positive than those of many other students of the circulation. He expresses 
these ideas clearly. The book is therefore interesting and easy to read. 

W. 


Sex and INTERNAL Secretions. A Survey of Recent Research. Editor: 
EpGar ALLEN, Yale University. Associate Editors: H. Dan- 
FORTH, Stanford University, and Epwarp A. Doisy, St. Louis Uni- 
versity. Twenty-seven Contributors. With Forewords by Ronert M. 
Yerkes, Yale University. Pp. 1346; 454 illustrations and 2 color plates 
Second edition, entirely revised. Baltimore: The Williams & Wilkins 
Company, 1939. Price, $12.00. 

Tue first edition of this work in 1932, prepared by Dr. Allen at the 
request of the National Research Council’s Committee for Research in 
Problems of Sex, was at once accepted as a most useful aid to workers in all 
branches of this field. Now after 7 years, a second edition has been sub- 
sidized by the Committee, requiring the addition of 400 pages, so rapid 
has been the progress in this particular field. The extent of the revision 
and amplification is revealed by consideration of the chapter bibliographies, 
in which more than one-half the references first appear in this edition. 
The great accumulation of specialized knowledge has required different 
—- for each of the 24 chapters, which are divided into 5 sections: 

, Biologie Basis of Sex; 2, Physiology of the Sex Glands, Germ Cells and 
jac Organs; 3, Biochemistry and Assay of Gonadal Hormones; 4, 
The Hypophysis and the Gonadotropic Hormones of Blood and Urine in 
Relation to the Reproductive System; 5, Additional Factors in Sex Func- 
tions and Endocrine Applications in Man. The first two of these occupy 
about two-thirds of the book. The authoritative statements cover all 
phases of the subject in a detailed and objective manner; human and 
comparative anatomy and physiology, experimental embryology, genic, 
endocrine and vitamin factors, the biochemistry of the various hormones, 


MILLER: ANGINA PECTORIS 413 


problems of pregnancy lactation and the menopause, the sex drive, are 
among the subjects covered. Even a list, 4 pages long, of the various 
commercial preparations of the sex hormones is included. With such a 
wealth of exposition, it may seem hypercritical to object to compression 
of “the sex function in man”’ in a scant 60 odd pages. To be sure, observa- 
tions on humans necessarily appear here and there through the book, but 
many practitioners, turning hopefully to this volume for help, will be dis- 
appointed to find, for instance, the menopause but briefly considered in a 
few pages and the prostate in little more than a page. The subject of 
treatment is properly handled with great caution; perhaps when the third 
edition appears, knowledge of the field will have sufficiently crystallized 
to permit a more definite presentation. Even so, none of those concerned 
with the investigation, teaching or clinical handling of the problems of sex 
can afford to do without this sterling volume. E. K. 


Varicose Veins. By Ocnsner, B.A., M.D., D.Sc. (Hon.), 
F.A.C.8., William Henderson Professor of Surgery and Director of the 
Department of Surgery, School of Medicine, Tulane University ot 
Louisiana, New Orleans, and Howarp Manorner, B.A., M.D., M.S. 
(Surgery), F.A.C.S., Assistant Professor of Surgery, School of Medicine, 
Tulane University of Louisiana, New Orleans. Pp. 147; 50 illustrations 
and 2 color plates. St. Louis: The C. V. Mosby Company, 1939. 
Price, $3.00. 

Tuts is a very pleasing little monograph. It has 19 chapters, 50 illustra- 
tions and 2 color plates. There is an interesting Foreword by Rudolph 
Matas to whom the volume is dedicated. It consists of an excellent brief 
history and brief but satisfactory sections on the anatomy, pathology 
and physiology of varicose veins. In the section of “Examination of the 
Varicose Vein Patient” the reader will find every test that is useful. The 
chapter on “Treatment” is divided into non-operative and operative 
sections. The Reviewer failed to find in this section a description of Lin- 
ton’s operation for dividing the communications between the deep and 
superficial veins, although he believes it is an important operation for 
those interested in the therapy of varicose veins. There is an excellent 
bibliography. 

This monograph should prove to be a useful one to every surgeon inter- 
ested in this condition. a 


Anaina Pecroris. Nerve Pathways, Physiology, Symptomatology, and 
Treatment. By Heyman R. Mitier, M.D., Attending Physician, 
Sydenham Hospital; Associate Attending Physician, Montefiore Hospital, 
New York City. Pp. 275; 39 illustrations. Baltimore: The Williams 
& Wilkins Company, 1939. Price, $3.25. 

Tue author states that he prefers to consider angina pectoris as a par- 
oxysmal upheaval of central origin, and this whether the individual has 
normal or abnormal coronary vessels. He says further that he cannot 
reconcile himself to a sharp distinction between coronary artery occlusion 
and so-called angina pectoris. Having this viewpoint he is interested in 
the neurologic and psychologic aspects of what he regards as angina pectoris. 
A great deal of attention is devoted to the innervation of the heart and 
great vessels and the pathways by which pain may be transmitted. A 
number of drawings are included which are designed to illustrate the 
anatomical relations of the nervous connections. Treatment is classified 
as non-surgical and surgical. To the Reviewer, such nomenclature seems 
to attempt to make the surgical tail wag the medical dog. C. W. 
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THe VAGINAL Its Fitting and Use in Contraceptive Tech- 
nique. By Le Mon Ciark, M.S., M.D., Chicago, Ill. Pp. 107; 53 
illustrations. St. Louis: The C. V. Mosby Company, 1939. Price, 
$2.00. 

Since the first clinic opened in 1923, about 450 “birth control clinies”’ 
have been started in this country. Two obvious reasons for this appear. 
One is growing public interest in contraceptive help, the other is the exis- 
tence of a method necessitating for each patient the detailed advice and 
instruction of an experienced physician. Probably 90°; of all the clinics 
have spent most of their time teaching one method to most of their patients. 
Here is a small book about the “one method,” the “method of choice” 
in clinics, a method which as patients and doctors learn of it is rapidly 
replacing other devices or procedures. It seems to have an ‘“acceptabilty 
rate’”’ in some private practice groups of well over 80°. 

Lay interest and demand in this field have perhaps run faster than medi- 
cal knowledge. Far too many women have received from the hand of a 
doctor, or from a druggist on prescription, a boxed diaphragm and brief 
verbal instruction about its use. But judgment in fitting diaphragms comes 
slowly by working with experts and by fitting and refitting many patients. 
Teaching the insertion and removal of a diaphragm takes patience and 
10 to 30 minutes in the office. Teaching the further details of its use with 
due regard to emotional and psychologic hazards of the woman or the 
couple must also be done, done with tact and understanding not always 
had by young unmarried medicos. All this is made clear in the book, which 
is designed to teach the doctor how to fit and teach the patient. 

The text is easy to read. About one-half of the 106 pages are good 
illustrations, either line drawings of the pelvis in section, or photographs 
of models or patients. These are probably the best teaching illustrations 
yet published. Watching another doctor work, getting the ‘feel’? of how 
a clinic is run and patients are taught, is still the best education. But 
failing this, or in preparation for this, ‘The Vaginal Diaphragm” will be 
invaluable. L. D. 


FEVER AND Psycuoses. A Study of the Literature and Current Opin- 
ion on the Effects of Fever on Certain Psychoses and Epilepsy. By 
Guapys C. Terry, Research Associate in Neurology, Neurological Insti- 
tute of New York, Columbia University; Formerly Research Assistant 
in Psychiatry, Henry Phipps Clinic, Johns Hopkins University. Pp. 167. 
New York: Paul B. Hoeber, Inc., 1939. Price, $3.00. 

WHEREAS years ago infectious diseases frequently swept through unsani- 
tary asylums, modern psychiatric hospital hygiene has deprived us of much 
valuable study material. The subject is discussed as follows: I, Intro- 
duction; II, Intercurrent Natural Fevers; III, The Clinical Use of Arti- 
ficially Induced Fevers in Certain Nervous and Mental Disorders; IV, 
Therapeutic Implications. In these final pages, this tabular classification 
is given: Theories Favored by 106 Survey Contributors, Attempting to 
Relate Infectious Disease Phenomena and Changes in the Course of Certain 
Psychoses. There are six groupings, the largest showing 67 sponsors, for 
Restoration of Personality Balance Essentially Related to Psychological 
Alterations with Certain Biological Aspects Implied (57); 17 of these 
incline more specifically to ‘mobilization of personality resources redirected 
in a fight for self-preservation.”” Evidence for the most part shows that 
results of fevers induced by electrical devices is disappointing. Otherwise, 
throughout, there is insufficient unanimity of opinion to draw definite 
conclusions. To marshall data of this nature, understandingly, is admit- 
tedly difficult; but to have numbers, “I,” “II,” and “III,” of tabular 
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digests, appearing more than once, with other tabular digests unnumbered, 
is neglectful. An exceptionally well-chosen foreign and domestic bibliog- 
raphy of almost 28 pages is a valuable feature of this monograph. 


FUNDAMENTALS OF EXPERIMENTAL PHARMACOLOGY. By Tora.Lp H. SoLL- 
MANN, M.D., Sc.D., Professor of Pharmacology and Materia Medica and 
Dean of the School of Medicine, Western Reserve University, Cleveland, 
ete., and Paut J. Hanzi, A.M., M.D., Professor of Pharmacology, 
Stanford University School of Medicine, San Francisco, ete. Pp. 307; 
36 illustrations. San Francisco: J. W. Stacey, Inc., 1939. Price, $4.25. 
This is a completely revised new (second) edition of a well-known labora- 

tory manual intended for medical students and their teachers. It con- 

tains useful directions for experiments and invaluable details of solution 
strengths and dosages; the dosages have been brought down to date in the 
revision, including sulfanilamide and the thio-barbiturates. The book can 
be recommended without reservation to teachers of pharmacology, but 
there is little in it for the average physician. As for students, the Review- 
er’s experience has been that unless careful selection of experiments is made 
from the large number described, bewilderment and dissatisfaction result, 
because there is too much detail and too little intellectual challenge for 
sustained interest and whole-hearted coéperation on the student’s part. 
C. 


MaANvuAL oF ToxicoLtocy. By Forrest Ramon Davison, M.B., M.Sc., 
Pu.D., Assistant Professor of Pharmacology, College of Medicine, Uni- 
versity of Vermont. With a Foreword by Davin Marvin, M.D., Profes- 
sor Emeritus of Pharmacology, College of Medicine, University of 
Vermont. Pp. 241. New York: Paul B. Hoeber, Inc., 1939. Price, $2.50. 
Tuts book is intended to present, in compact form, the important facts 

concerning the diagnosis and treatment of those poisonings which the 

average physician is apt to encounter. In the Reviewer's opinion it lacks 
up-to-dateness, completeness, and accuracy to such an extent as to defeat 
its purpose. Thus, among the sources of lead poisoning, insecticidal sprays, 
leaded gasolines, and lead pipes are not mentioned; poisoning by barbitu- 
rates, fluorides, salicylates, acetanilid, and amino-pyrine receive no atten- 
tion; while caffeine, conium, physostigmine and epinephrin—acute poison- 
ing by any of which is not likely to be encountered by the average physician 

are considered at some length. Among antidotal measures for acute 
cocaine poisoning barbiturates are not mentioned, nor are nitrites for 
eyanide or sodium formaldehyde sulfoxylate for mercury. In atropine 
poisoning the characteristic cerebral symptoms are not, as here stated 

(p. 117), “precisely those resulting from paralysis of the parasympathetic 

nervous system,” and statements such as these (p. 99): “The effect of 

carbon dioxide on the system is to induce asphyxia by exclusion of oxygen 

Death is caused by over-stimulation of the cerebrospinal system’’—serve 

only to create unnecessary confusion. The index is unreliable: on looking 

up “‘sulfanilamide” one is referred to alcohol poisoning, and “hasheesh”’ 

leads one to war gases instead of cannabis. C. 8. 


“a 


HuMAINE ET PHéNoMbNES Entopriques. By Dr. E. P. Fortin. 
Pp. 207; 127 illustrations (3 in color). Buenos Aires: ‘“ Et Ateneo,’’ n.d. 
Tuis monograph is essentially a correlation of some 60 odd papers the 

author has written over the past 30 years. He has always been opposed 

to the teachings of Cajal and his school with regard to the histology of the 
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retina. The author attributes Cajal’s misinterpretations to the fact that 
he studied many vertebrate but few human eyes. He also believes that 
Miiller’s fibers which Cajal stresses are artefacts due to improper histologic 
technique. 

To attempt to correlate entoptic phenomena with histologic studies is 
rather daring. However, as the author points out, one ¢ annot regard the 
retina as a fixed mosaic and that the terms “discerning power” and “ dis- 
criminating power” cannot be adhered to with the newer knowledge of 
retinal physiology. 

There are many statements that physiologists will take exception to, 
such as “the ciliary muscle through its insertion on the internal limiting 
membrane exerts traction on the fovea” and may be an aid to fixation; 
and “the perceptive layer of the retina is not in the layer of rods and cones, 
but probably in the internal nuclear layer. 

The monograph contains many beautiful photomicrographs of the retina, 
and should be consulted by all interested in the histology of the eye. Though 
the Reviewer does not agree with many of the author’s conclusions, espe- 
cially in the interpretation of some of the entoptic phenomena, the mono- 
graph is to be commended for its beautiful photography and the interest 
it may arouse for further study of ‘the most precious part of the human 
body.” R. McD. 


THE PHYSIOLOGY AND PHARMACOLOGY OF THE Pirurrary Bopy. Voc. II. 
By H. B. Van Dyke, Head of the Division of Pharmacology, Squibb 
Institute for Medical Research, New Brunswick, N. J.; Honorary Pro- 
fessor of Physiology, Rutgers University, etc. Pp. 402; 28 illustrations. 
Chicago: The University of Chicago Press, 1939. Price, $4.50. 

Tuts is really an entirely new volume covering the literature subsequent 
to 1935, the first volume having covered the preceding period. The data 
are well selected, systematically arranged, presented in a readable and 
interesting manner, and illustrated by diagrams, graphs, and photomicro- 
graphs. At the end of each chapter the author summarizes the facts that 
he considers significant. This sound and scientific review should prove 
useful not only to those whose chief interests are in endocrinology, but to 
clinicians and research workers in other fields who wish to be familiar with 
recent developments in the anatomy, physiology and pharmacology of the 
pituitary body. I. Z. 


NEW BOOKS. 


Cancer of the Colon and Rectum. Its Diagnosis and Treatment. By Frep 
W. Rankin, B.A., M.A., M.D., Sc.D., F.A.C.S., Surgeon, St. Joseph’s 
and Good Samaritan Hospitals, Lexington, Ky., and A. SrepHens 
GraHaM, M.D., M.S. (in Surgery), F.A.C.S., Surgeon, Stuart Circle 
Hospital, Richmond, Va.; Assistant Professor of Surgery, Medical Col- 
lege of Virginia. Pp. 358; 133 illustrations. Springfield, Ill.: Charles 
C Thomas, 1939. Price, $5.50. 


Studies from the Center for Research in Child Health and Development, School 
of Public Health, Harvard University. II. Types, Levels, and Irregu- 
larities of Response to a Nursery School Situation of Forty Children 
Observed with Special Reference to the Home Environment. Vol. 4 
No. 2, Serial No. 21. (Monographs of the Society for Research in Child 
Development.) By ELreanor Siater, with the assistance of 
BeckwitH and Lucitte Bexanke. Pp. 148; 7 illustrations, and 15 
tables. Washington, D. C.: Society for Research in Child Develop- 
ment, 1939. Price, $1.25. 


NEW BOOKS 417 


Medical Vocabulary and Phrases. English, German, French, Italian, 
Spanish. By Josern 8. F. Marie. Foreword by CHEVALIER JACKSON, 
M.D., Se.D., LL.D., F.A.C.S., Honorary Professor of Broncho-Esophag- 
ology and Consultant in Broncho-Esophagologic Research, Temple Uni- 
versity School of Medicine, Philadelphia. Pp. 358. Philadelphia: P. 
Blakiston’s Son & Co., Inc., 1939. Price, $3.00. 


Architecture of the Kidney in Chronic Bright’s Disease. By JEAN OLIVER, 
Professor of Pathology, Long Island College of Medicine; Pathologist, 
The Hoagland Laboratory; Formerly Professor of Pathology, Stanford 
University. Pp. 195; 59 text illustrations (some in colors); 23 plates; 
16 stereograms. New York: Paul B. Hoeber, Inc., 1939. Price, 
$10.00. 


The British Encyclopedia of Medical Practice Including Medicine, Surgery, 
Obstetrics, Gynecology, and Other Special Subjects. Vol. 11, Scarlet 
Fever to Testis, Undescended. Under the General Editorship of Sir 
Humpury Rouueston, Br., G.C.V.O., K.C.B., M.D., D.Sc., D.C.L., 
LL.D., Emeritus Regius Professor of Physic, Cambridge; Sometime 
President of the Royal College of Physicians of London. With the 
Assistance in a Consultative Capacity of F. R. Fraser, M.D., F.R.C.P., 
G. Grey Turner, D.Cu., M.S., F.R.C.S., F.R.A.C.S., F.A.C.S., JAMES 
Youna, D.8.0., M.D., F.R.C.S. Ep., F.C.0.G., Str Leonarp RoGers, 
K.C.S.I., M.D., LL.D., F.R.C.P., F.R.C.S., F.R.S., and F. M. R. 
Watsue, O.B.E., M.D., D.Sc., F.R.C.P. Pp. 730; 93 illustrations, 17 
plates (6 in color). London: Butterworth & Co. (Publishers), Ltd., 
1939. Price, $12.00. 


Fever Therapy Technique. By Jack R. Ewaut, M.D., Resident Psychiat- 
rist, Colorado Psychopathic Hospital; Instructor in Psychiatry, Uni- 
versity of Colorado School of Medicine, Denver, Ernest H. Parsons, 
M.D., Captain, Medical Corps, United States Army; Neuropsychiatrist, 
Sternberg General Hospital, Manila, Philippine Islands, Starrorp L. 
WarrEN, M.D., Associate Professor of Medicine in charge of Division 
of Radiology, University of Rochester, School of Medicine, Rochester, 
N. Y., and Srarrorp L. Osporneg, B.P.E., M.S., Associate in Physical 
Therapy, Northwestern University School of Medicine, Chicago. Fore- 
word by Frankuin G. Epaucu, M.D. Pp. 161; 16 illustrations. New 
York: Paul B. Hoeber, Inc., 1939. Price, $2.50. 


Diagnosis and Management of Diseases of the Biliary Tract. By R. FrRanxK- 
Lin Carter, B.S., M.D., F.A.C.8., Associate Clinical Professor of Surg- 
ery, New York Post-Graduate Medical School, Columbia University; 
Director of Surgery, Gouverneur Hospital, Cart H. Greene, A.B., 
Pu.D., M.D., F.A.C.P., Associate Clinical Professor of Medicine, New 
York Post-Graduate Medical School, Columbia University; Clinical Pro- 
fessor of Medicine, Long Island College of Medicine, etc., and Joun 
RussELL Twiss, A.B., M.D., F.A.C.P., Assistant Clinical Professor of 
Medicine, New York Post-Graduate Medical School, Columbia Uni- 
versity; Assistant Physician, O.P.D., New York Hospital. Pp. 432; 
84 illustrations and 6 plates. Philadelphia: Lea & Febiger, 1939. 
Price, $6.50. 


Headache and Head Pains. A Ready Reference Manual for Physicians. 
By Watton Forest Dutton, M.D., Formerly Medical Director, Poly- 
clinic and Medico-Chirurgical Hospitals, Graduate School of Medicine, 
University of Pennsylvania; Visiting Physician to Northwest Texas and 
St. Anthony’s Hospitals; Director, Medical Research Laboratories, 
Amarillo, Texas. Pp. 301; 5 illustrations. Philadelphia: F. A. Davis 
Company, 1939. Price, $4.50. 
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Roentgen Technique. By CrypeE McNetLi, M.D. Pp. 315; 268 illustra- 
tions. Springfield, Ill.: Charles C Thomas, 1939. Price, $5.00. 


The Medical Clinics of North America, Vol. 23, No. 4 (Mayo Clinic Number, 
July, 1939). Pp. 284; 7 illustrations. Philadelphia: W. B. Saunders 
Company, 1939. 

Die Katarrh-Infektion als chronische Allgemeinerkrankung. Eine dynam- 
ische Reaktions-pathologie des Rheumatismus und itiologisch zugehér- 
iger Erkrankungen als Ausdruck einer spezifischen Virusinfektion. By 
Dr. Mep. K. v. NEERGAARD, Professor an der Universitit Ziirich. 
Pp. 285; 24 illustrations. Leipzig: Theodor Steinkopff, 1939. Price, 
Paper, Rm. 11.25; Bound, Rm. 12.37. 


Sleep and Wakefulness. As Alternating Phases in the Cycle of Existence. 
By NATHANIEL KLEITMAN, Department of Physiology, The University 
of Chicago. Pp. 638; 33 illustrations. Chicago: The University of 
Chicago Press, 1939. Price, $5.00. 


Man Against Microbe. By Joseru W. Biacer, Sc.D., M.D., F.R.C.P.L., 
M.R.C.P. (Lonp.), Professor of Bacteriology and Preventive Medicine, 
Trinity College, University of Dublin. Pp. 304; 16 illustrations and 
18 plates. New York: The Macmillan Company, 1939. Price, $2.50. 
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Physician, State of Wisconsin General Hospital, for the Council on 
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Recent Advances in Hematology. By A. Piney, M.D., Cu.B. (Brr.), 
M.R.C.P. (Lonp.), Assistant Physician, St. Mary’s Hospital for Women 
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PATHOLOGY OF THE INTERVERTEBRAL DISC. 


IN recent years increasing interest has been shown in the pathology 
of the spinal column and in the correlation of the many lesions found 
with various clinical states. Until a few years ago there was very little 
exact knowledge concerning the morbid anatomy of the spinal column. 
Although much work had been done from a clinical and radiological 
standpoint, little of it rested on a firm pathological basis except for gross 
pathological disturbances. Schmorl*’' of Dresden in 1925 instituted a 
brilliant series of investigations on the spinal column and in a very 
few years he had collected a large amount of material. From his 
work has emerged much important information. Until 1931 very 
little investigation along this line had been done outside of Germany. 
Probably the reason for this is the fact that in many countries it is 
not permissible, or at least not deemed prudent, to remove the spine 
at autopsy as a routine procedure. However, many excellent papers 
in English®:7.1!.13.18.21.22,38.43.46 have appeared in recent years on the sub- 
ject of pathology of the spinal column, chiefly with reference to the 
intervertebral disc. Although many of .these papers have been dis- 
cussions and interpretations of Schmorl’s work, sufficient information 
on the pathology of the intervetebral disc has accumulated to warrant 
a review of this subject. The reviewer has examined approximately 600 
spines removed routinely at autopsy in the Department of Pathology 
and Bacteriology of the University of Toronto, and in the following 
pages frequent references will be made to his own findings. 

Various anatomical considerations are of great importance to the 
pathology of the intervertebral disc, and it may be well, therefore, to 
preface the body of this paper with a brief account of the development 
and anatomy of the vertebral bodies and other structures related to the 
intervertebral discs, as well as of the discs themselves. 

Development and Anatomy of the Spinal Column. ‘The intrauterine 
development of the spinal column was investigated by Bardeen? and 
was subsequently described fully by Compere and Keyes," while the 
anatomy of the vertebral body and the component parts of the dise have 
been most completely described by Beadle.’ 
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THE VERTEBRAL Bopy. Each vertebral body arises from two centres 
of ossification, a cephalic and a caudal plate. In the new-born, the 
ossified part of the vertebra appears as a small ovoid mass. The total 
framework of the vertebral column is more largely formed of cartilage 
than of bone and the intervertebral spaces are of about the same size 
as the vertebral bodies. At this time the central ossified part of the 
vertebral body is separated from the vertebral arch by a rather broad 
plate of cartilage, the so-called vertebral arch epiphysis. This gradually 
disappears and the body of the vertebra fuses with the arch at about 
the 10th year. The vertebral bodies gradually increase in size and 
assume a rectangular shape. 

At about 10 years of age the vertebral body from which the soft 
tissues and cartilages have been removed presents an appearance quite 
different from that of an adult. The upper and lower surfaces tend to 
be convex and are covered by a perforated bony plate. One of the most 
striking features presented by these surfaces at this stage is a series of 
radial grooves or furrows about the margin. These pass over the outer 
edge and extend for a short distance along the outer surface. They 
also extend in toward the centre of the vertebra, decreasing both in 
depth and breadth until they have completely disappeared in the central 
region. This structure of the infantile and adolescent vertebra has 
been particularly stressed by Schmorl as cited by Beadle,’ but it is not 
peculiar to the growing end of the vertebra. The same arrangement 
may be seen at the epiphyseal ends of the long bones. 

Both articular surfaces of the juvenile vertebral body are covered 
by a cap of cartilage, around the margins of which, in the cartilage 
filling the depths of the furrows, small points of ossification begin to 
appear at about the 6th year. To the naked eye these centres are about 
1 mm. in diameter and may be seen in a sagittal section if the plane of 
the section passes through the centre of one of the furrows. Schmor! 
and Junghanns* investigated these centres of ossification by means of 
Roentgen ray examination of spines after they had been removed from 
the body. They came to the conclusion that the centres appeared be- 
tween the 6th and 8th year in girls and between the 8th and 9th year 
in boys. They do not make their appearance at the same time all 
around the vertebral body nor in all segments of the spine. They are 
usually found in the deeper grooves first. The time of appearance of 
these centres as determined by other investigators varies from 11 to 15 
years of age.!*.2¢.30¢.39 The results of all of these authors, however, were 
based on clinical Roentgen ray examination and are probably not as 
reliable as those obtained by Schmorl and Junghanns whose methods 
offered fewer technical difficulties. 

These centres of ossification gradually enlarge and fuse to form a 
complete bony ring at about the 12th year. This ring in turn enlarges 
until it fills the grooves and ultimately becomes solidly fused with the 
vertebral body at about the 20th year. This fused epiphyseal ring is 
the so-called “Randleiste” of Schmorl. The furrows in the surface 
of the vertebral body extending centrally within the ring are gradually 
flattened out. 

During the period of epiphyseal bone formation the outermost fibres 
of the annulus lamellosus (the fibrous ring forming the periphery of the 
intervertebral disc) become firmly anchored in the epiphyseal ring. 
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Whether or not the epiphyses play an important part in the growth of 
the vertebral body is a controversial point. Schmorl*’ and Beadle‘ 
regard the epiphyseal ring of the vertebral body as being quite unlike 
other epiphyses because it does not contribute to the growth in height 
of the vertebra. - However, it is the opinion of the reviewer, in agree- 
ment with Haas,'® that this ring should be regarded as an epiphysis 
fundamentally analogous to those found elsewhere in the body, but 
peculiarly adapted to its location and function. Endochondral growth 
of bone takes place at the attached surface of the cartilage applied to 
the superior and inferior surfaces of the body of the vertebra, and in the 
thick margins of this cap the epiphyseal ring appears which ultimately 
becomes fused to the body of the vertebra. A knowledge of the epi- 
physeal ring and its relation to the growth line of the vertebral body 
is of considerable importance in the interpretation of disturbances at 
the growth line. 

The perforated articulating surfaces of the body of an adult vertebra 
are bounded peripherally by a complete ring of compact bone, the fused 
epiphyseal ring. This is raised considerably above the general surface 
of the vertebral body and gives the surface its typical concavity. The 
prominence of this ring varies in different regions of the spinal column, 
hut it is never absent in a normal adult vertebra. 

THe Spinat LiGAMENTs. Extending anteriorly down the spinal 
column is a strong dense ligamentous structure, the anterior longi- 
tudinal ligament, which is firmly attached to the bodies of the vertebrie 
und to the intervertebral discs. Posteriorly, within the spinal canal, 
there is also a similar structure, the posterior longitudinal ligament, 
which is relatively weak, consisting of a series of fan-like bands attached 
to the posterior aspects of the intervertebral discs. Over the posterior 
aspects of the vertebral bodies it is narrow and thin and only lightly 
attached to the vertebrae. The lateral aspects of the vertebral bodies 
are also covered by ligamentous investments, but these are not suffi- 
ciently thick or well developed to warrant a special name. 

THe INTERVERTEBRAL Disc. The intervertebral disc is a structure 
well adapted to the function it must perform. It serves as a bearing 
between the vertebrae by which pressure can be equally transmitted to 
the adjacent vertebree and around which movement can take place. 
It also acts as a cushion by which the numerous small shocks of daily 
activity are absorbed. For purposes of description, the disc may be 
considered as being composed of three parts: a peripheral ring of fibrous 
connective tissue, the annulus lamellosus, surrounaing a central pulpy 
mass; the nucleus pulposus; and thirdly, the cartilaginous plates covering 
the articular surfaces of the vertebral bodies above and below. 

Ubermuth*® has carefully traced the development of the intervertebral 
dise which is derived in part from the notochord. The annulus appears 
in a cartilaginous matrix in the first few months after birth as a ring 
about the nucleus. With increasing age this ring grows in extent at 
the expense of the cartilage plate, from the periphery of which it 
originates. The outermost fibres become blended with the inner sur- 
faces of the ligaments surrounding the spine and may be continued over 
the margin of the vertebrve to be firmly attached to the periosteum. As 
has been mentioned, other fibres around the periphery become firmly 
embedded in the epiphyseal ring of the vertebral body. 
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The annulus gives permanent form and size to the disc and is the seat 
of its strength and durability. It is composed of dense interlacing bands 
of collagen with a small admixture of elastic fibres. The annulus varies 
in size, strength and arrangement in different portions of the spine de- 
pending upon the functional demands of that particular segment. 

The division between the annulus and the nucleus pulposus is not 
sharp, the one fading off gradually into the other, but the distinction 
between them is by no means artificial, since they are quite different 
both in structure and function. The nucleus forms a varying proportion 
of the intervertebral disc but it is never absent. It usually occupies a 
position slightly posterior to the center of the disc. 

The nucleus pulposus stands out most distinctly in young individuals 
in whom degenerative processes in the disc have not yet begun. When 
the spine of a young subject is sawed through in the sagittal plane, the 
nucleus presents a very unique appearance and behaves in a manner 
quite different from the remainder of the disc. It protrudes from the 
cut surface as a small, rounded, glistening, pearly white eminence. On 
palpation it is found to be rather soft and elastic. The conclusion is 
obvious that before the column had been cut the nucleus must have 
been under considerable pressure. It has been stated by Schmorl** 
and repeated by many others that the nucleus when released springs 
forward because of its own elastic turgor. As the nucleus is composed 
of a semi-fluid (and hence non-compressible) substance relatively poor 
in elastic or collagenous fibres, it is difficult to conceive of it possessing 
any inherent elasticity or recoil. The nucleus is maintained under 
pressure by the elasticity of the fibres of the annulus, and during life 
by muscle tone and by the added pressure of the weight of the body on 
the spinal column. The turgor of the nucleus pulposus depends, there- 
fore, on the integrity of the structures surrounding it. 

Microscopically, the nucleus is composed of fine interlacing bands of 
connective tissue with a small admixture of elastic fibres. This tissue 
is very loose and contains in its meshes a highly fluid matrix, the water 
content of which is high. The strands are arranged in irregular bands 
and follow no set paitern except at the upper and lower surfaces where 
they are attached to the cartilaginous plates which are interposed be- 
tween the nucleus and the adjacent vertebral bodies. In the meshwork 
of the nucleus are scattered various types of cells, fusiform or spindle- 
shaped connective tissue cells, groups of cartilage cells and occasionally, 
inJyoung individuals, clear vacuolated cells which are thought to be 
surviving cells of the notochord. Peripherally the fibrous network 
gradually becomes dense, finally arranging itself in the thick curving 
bundles of the annulus fibrosus. 

The articular cartilages are thin plates of hyaline cartilage separating 
the dise proper from the bony surfaces of the adjacent vertebral bodies. 
The cartilage plate covers only the perforated central area of the 
vertebral body and abuts on the elevated peripheral ring where the 
cartilage frays off into the fibres of the annulus. This layer of cartilage 
is cemented to the spongiosa, or cancellous bone of the vertebral body, 
by a thin layer of calcified cartilage. The cartilage plate is a relativel 
resistant structure of which one of the most important functions is to 
protect the spongiosa of the vertebral body which is provided with no 
end plate of compact bone.’ *°*/ Together with the annulus, the 


PATHOLOGY AND BACTERIOLOGY 423 


cartilage plates also serve to maintain the normal form of the dise and 
to confine its tissue within normal limits. 

The joints formed by the intervertebral discs differ greatly from other 
articulations of the body in that they allow a moderate degree of move- 
ment, flexion, extension and possibly rotation, but they possess no true 
joint cavities. Schmorl and Junghanns," in agreement with Luschka,”* 
asserted that these joints do contain potential cavities which they 
believed they had demonstrated by means of injection of radio-opaque 
fluids. However, after studying gross and microscopic preparations 
and the illustrations of Schmorl and Junghanns, the reviewer is of the 
opinion that their positive results were due to artefacts produced by 
splitting and separation of the fibres of the dise by the injection fluid. 

Ubermuth® and Béhmig® have investigated thoroughly the nutrition 
of the interverbral dise. According to them, there are blood vessels 
arising from the marrow spaces which perforate the cartilaginous plates 
in early life. These undergo progressive obliteration until at the end 
of the growth period they have completely disappeared. The oblitera- 
tion of these vessels may result in small scar-like defects in the car- 
tilaginous plate and, as Schmorl* has pointed out, may give rise to 
points of weakness. The adult intervertebral disc contains no blood 
vessels. Its nourishment is entirely derived from the marrow by 
diffusion through the perforated bony end plate of the vertebral body. 

Jung and Brunschwig” have investigated the innervation of the 
articulation of the vertebral bodies and have demonstrated sensory 
nerves in the anterior longitudinal ligament, but they could discover no 
nerve fibres in the intervertebral disc. 

Pathology of the Intervertebral Disc. The spinal column is a skele- 
tal organ complex in structure and unique in function. As well as acting 
as an encasement for the main pathway of the nervous system, it is the 
main support of the body. Due to the fact that man has assumed the 
upright position, the intervertebral discs, which are a part of the main 
weight-bearing joints of the spine, perhaps more than any other part 
of the skeletal system are subjected to the constant strain of functional 
activity. This wear and tear which is never in abeyance can bring about 
widespread structural changes which, in a large proportion of cases, 
cause no apparent disability. As a result, however, lesions which are 
associated with the decrescence of life are present in the spinal column 
to a degree surpassed in no other organ of the body. 

CONGENITAL MALFORMATIONS. It is not intended to review here 
the many congenital malformations which affect the spinal column. 
However, brief mention will be made of certain developmental defects 
in the intervertebral discs which may form the basis for acquired lesions. 

Nuclear expansions of the intervertebral discs are frequent and im- 
portant pathological findings, especially in young individuals. They 
are probably of congenital or developmental origin. They vary con- 
siderably in size and are most common in the lower dorsal and lumbar 
segments of the spine. Typically they are hemispherical expansions of 
the nuclear portion of the disc into the spongiosa of the vertebral body. 
Frequently they occur on both sides of the disc; occasionally they are 
somewhat irregular. The cartilage plate is intact over these expansions 
but considerably thinned and these places must be regarded as points 
of weakness which may predispose to rupture of the plate under ab- 
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normal functional stress. Since these expansions are encountered at a 
very early age, it is difficult to conceive of them as being anything other 
than malformations of the discs. An alternative point of view, how- 
ever, is that they occur at points of inborn weakness of the cartilage 
plates which gradually give way before the powerful turgor possessed 
by the nucleus pulposus in youth. These nuclear expansions of the 
intervertebral dise are of great importance in the etiology of adolescent 
kyphosis which will be discussed later. 

Other findings which Schmorl* and Beadle’ consider as possibly 
developmental in origin are the small, jagged, fissure-like tears fre- 
quently seen in otherwise apparently normal cartilaginous plates. An 
explanation has been offered by Béhmig* that these tears take place at 
the scarred site of the blood vessels which early in life penetrate the 
cartilaginous plates and which subsequently are obliterated. Since 
the reviewer has seen these changes only in microscopic preparations, 
he feels that they are probably artefacts due to the relatively greater 
shrinkage of the cartilage plate than of the bone in the process of de- 
hydration. 

CHANGES IN ForM OF THE INTRAVERTEBRAL Disc. Abnormal expan- 
sion or increase in height of the disc is a relatively infrequent change. 
The extraordinary expansile quality conferred upon the nucleus by the 
elasticity of the annulus can result in a bulging of the intervertebral 
disc into the adjacent spongiosa, if for any reason the resistance of the 
bone has been decreased. Senile osteoporosis is the condition in which 
this is most frequently seen, but it may also occur in other conditions 
in which there is softening or destruction of bone (multiple myeloma, 
Paget’s disease, osteomalacia, osteoclastic tumor metastases, and 
so forth). The dise gradually bulges into the vertebra until it finally 
assumes the shape of a biconvex lens. A frequent end result of this 
expansion of the dise at the expense of the vertebral body is rupture 
of the cartilaginous plate, which has been stretched to its utmost limit, 
with resultant prolapse of the dise tissue into the spongiosa of the 
vertebra. On the other hand, expansion of the disc can become so 
marked without rupture of the cartilage plate that two neighboring 
dises will almost touch at their centres. The involved vertebrae show 
marked concavity of their articular surfaces. The expansion of the 
dise is not due to the formation of new tissue but merely to the taking 
up of additional water. In extreme cases this can lead to the formation 
of small cyst-like spaces in the centre of the nucleus.*' It should be 
pointed out that in order for such expansions of the dises to occur they 
must have retained to a considerable degree their elasticity. If de- 
generative processes have resulted in loss of turgor of the nucleus, 
expansion will not occur, no matter how great the weakening of the bony 
structure of the vertebra! bodies. 

Narrowing or thinning of the intervertebral disc is encountered much 
more frequently than expansion, and it may be taken as an axiom that 
thinning of an intervertebral disc means that that disc is the site of a 
pathological process.’" The loss of water content of the dise which 
occurs with advancing years, and the various types of degeneration 
which will be considered in detail later, may result in a decrease in its 
height. Frequently, combined with a narrowing of the intervertebral 
disc, there is a marked sclerosis of the adjacent portions of the bodies of 
the vertebrae. This is interpreted as being occasioned by the abnormal 
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movement allowed at the joint as a result of the slackness of the sur- 
rounding ligaments. 

DEGENERATION OF THE Fibrous Tissue oF THE Disc. Changes 
which in other organs would be regarded as advanced degenerations 
cur in the intervertebral discs with astonishing frequency, and are 
initiated at a comparatively early age. That mechanical factors play 
a part is borne out by the fact that these lesions are more pronounced 
in those people who have been accustomed to hard manual labor rather 
than in those who have led a more sedentary life.’ 

The most conspicuous difference between the spinal column of the 
aged or middle aged and that of the adolescent youth or young adult is 
the far inferior elasticity and softness of the intervertebral discs in the 
former. The nucleus no longer has the translucent appearance of youth, 
no longer swells forward on section and is not as readily differentiated 
from the annulus. The whole disc is converted into a more or less 
structureless mass. It has lost volume and is narrowed. Horizontal 
fissures in the substance of the nucleus are frequently seen. These 
alterations occur so regularly that it is difficult to decide when they 
cease to be a normal accompaniment of advancing age and pass over 
into really morbid changes. 

Microscopically, with advancing years there is a gradual obliteration 
of the cellular elements of the dise and the fibres become more scanty 
and blurred, and finally disappear entirely. Only a diffuse pink- 
staining hyaline matrix remains. As an accompaniment of these 
changes, there is a gradual decrease in the water-content of the dise as 
was shown by Piischei.*7 She found that the nucleus of the inter- 
vertebral dise of a newborn child contained 88% water; in an old 
woman of 77, the water content was only 69%. 

A form of degeneration which may be encountered at a relatively 
early age consists of a swelling of the nucleus region, which spreads 
gradually over into the fibres of the annulus. The disc in the affected 
urea loses its firmness, and becomes dull grey and very friable. The 
strands of the annulus where they are involved appear dull and swollen. 
The tissue is loose and may be scraped away from the remainder of the 
dise with great ease. At a still later stage the whole disc substance, 
hut especially the nucleus, is converted into a sodden, lumpy structure 
looking quite like lumps of porridge. At the same time large fissures 
appear in the central portion of the disc. These may spread out in a 
radiating fashion to involve the annulus to a considerable degree. There 
is, however, usually a ring of more or less well preserved annulus tissue 
around the periphery corresponding in position with its attachment to 
the epiphyseal ring. Microscopically, the degenerated tissue is without 
structure and stains diffusely pink with hematoxylin and eosin. Fre- 
quently, it contains an unknown pigment which varies in color from 
pale yellowish-brown to deep brownish-black. The nature of this pig- 
nent is quite obscure. 

\nother type of degeneration met with less frequently takes place 
characteristically in the anterior part of the annulus, chiefly in the mid- 
thoracic region. Lesions of this type are visible as small areas in which 
the tissue is converted into yellowish, dry, crumbling masses, measuring 
ip to 7 mm. in diameter. Such areas, after the necrotic material has 
heen removed, appear as small cavities in the annulus. These lesions 
ure probably the basis for the condition of senile kyphosis which will 
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be discussed later. In connection with these areas of necrosis, small 
crescentic tears in the annulus very frequently may be seen; occasionall) 
they may be stellate or radiating. They usually follow the inner 
margins of the epiphyseal ring. 

As in other organs of the body, degeneration may be followed by 
calcification. Calcification of the dises in general has been discussed 
fully by Lyon*® and Barsony and Koppenstein.2 Calcium nodes or 
areas of calcification of the nucleus pulposus are rarely seen and none 
have appeared in the spines examined by the reviewer. However, 
perhaps on account of their rarity and the recent interest in the subject 
many individual cases have been reported in the literature. These 
were first described in the living by Calvé and Galland.'' They appear 
on cross section as soft, pale yellowish-white, chalky masses in the 
nucleus. 

Small irregular areas of calcification are fairly frequently seen in 
connection with the above mentioned areas of necrosis in the annulus 
They occur most frequently in the anterior portion of the dise and vary 
in size from that of a pinpoint up to several millimetres in diameter 
These are readily seen in Roentgen ray examination and may be mis- 
taken for a non-union of the epiphyseal ring. These areas of calcifica- 
tion have a rather cloudy appearance in a Roentgen ray picture, as if 
the calcium has been precipitated on the preéxisting fibres. Micro- 
scopically, in decalcified preparations, the matrix is structureless and 
presents an appearance similar to other areas of degeneration or necrosis 
These “ primary”’ calcifications must not be confused with those which 
may occur secondarily following inflammatory conditions such as 
tuberculosis. 

Hemorrhages, old or recent, are occasionally to be found in the inter- 
vertebral disc and usually occur in degenerated portions. It is probable 
that these hemorrhages are traumatic in origin, arising when injuries 
to the cartilage plates allow blood to enter from the marrow spaces. 

PATHOLOGICAL CHANGES IN THE CARTILAGE PLatTes. The de- 
generative changes above described may be limited to the dise tissue 
proper but more frequently they involve also the neighboring structures 
The cartilage plates are relatively resistant but they are subject to a 
series of pathological changes, some of which are primary but most 
of which are further developments of the degenerative processes com- 
mencing in the fibrous parts of the dise as already described.’ ? 
Destructive diseases of the spongiosa of the vertebral body may lead 
to partial or complete dissolution of the cartilage plates, but it is 
astonishing how much resistance to destruction is offered. This is 
particularly well shown when the vertebral bodies are involved |) 
secondary carcinoma. The spongiosa may be largely occupied |) 
tumor and yet the cartilage plates may be in an extraordinarily good 
state of preservation. The expansion of the disc and stretching of the 
‘artilage plates in osteoporosis have already been mentioned. 

Tears and ruptures of the cartilage plates are encountered occa- 
sionally in the spines of young individuals in association with nuclear 
expansions of the dise and thinning of the cartilage over these exp:n- 
sions as described in a previous section of this review. It is at the 
points of greatest thinning of the cartilage that ruptures most fre- 
quently occur. These tears are extremely difficult to account for. 
To explain them as the resuit of degeneration of the cartilage does not 


PATHOLOGY AND BACTERIOLOGY 427 


seem reasonable because, apart from the rupture, the plates show none 
of the characteristic changes of degeneration. A most plausible explana- 
tion is that these cartilages are the seat of a congenital fault in texture 
and that functional strains of unusual severity cause them to tear or 
rupture.“ A feature which lends support to the theory of congenital 
weakness is that these ruptures or tears occurring in young individuals 
usually are found in the cartilages of several vertebre. The tears may 
be linear or may take a stellate form. They occur characteristically 
in the region opposite the nucleus pulposus but may be found anywhere 
in the cartilage plate. 

Similar tears may occur in the cartilage plates in middle life or later, 
not because of innate weakness of construction, but as an integral part 
of the senile degenerative processes which affect the fibrous portion of 
the intervertebral disc. Senile degeneration of the cartilage is almost 
as common as the corresponding changes in the disc proper, and may 
lead to marked alterations. 

The characteristic senile changes which appear in the cartilage plates 
are best seen microscopically. The fibres of the cartilage appear frayed 
and broken. Commonly the matrix does not stain well and presents a 
moth-eaten appearance. The plate is split into many layers so that 
there are multiple small horizontal fissures which form slit-like spaces 
in the substance of the plate. It may be extremely thinned out and 
even ruptured at one or many points. In the latter case, much of the 
cartilage plate may be destroyed, being represented only by small 
islands of cartilage scattered along the original line of the plate. 

These ruptures or breaks of the cartilage plates usually result in the 
escape or prolapse of disc tissue into the spongiosa of the vertebral 
body. However, if the degenerative changes in the cartilage develop 
gradually and there is no abrupt rupture of the plate, a reactive process 
takes place in the adjacent bone which prevents the occurrence of 
prolapse. Then, one frequently sees the fibrous tissue of the disc 
resting directly on a dense layer of compact sclerotic bone with only a 
few small remnants of the cartilage plate interposed at intervals. 

PROLAPSE OF Disc Tissue INTO THE SPpoNGIosA. When the cartilage 
plate gives way, an escape or prolapse of the tissue of the nucleus 
pulposus into the spongiosa of the vertebral body frequently follows. 
In the great majority of cases the lesions so produced evoke no clinical 
symptoms but they are frequently associated, particularly in older indi- 
viduals, with marked deformities of the intervertebral discs and of the 
spinal column as a whole. The occurrence of such prolapses apparently 
plays a fundamental rdle in the etiology of adolescent kyphosis which 
will be discussed in detail presently. 

Prolapses of the tissue of the intervertebral disc had been seen and 
described by Luschka*’ in the middle of the 19th century. They were 
re discovered by Schmorl** who described their mode of development 
and interpreted their significance. They occur typically when there 
has been a break in the cartilage plate as described in the preceding 
section. This break allows the substance of the nucleus pulposus to 
push its Way out into the spongiosa of the vertebral body. This is 
accomplished by the normal turgor of the nucleus in the young and by 
(he pressure occasioned by continual activity in the aged in whom the 
turgor of the dise is lost. The foreign tissue fills the marrow spaces of 
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the spongiosa and causes atrophy of the bony trabeculee with gradual 
enlargement of the prolapse until a state of equilibrium is reached. 

In sagittal section of the vertebral ——— the masses of prolapsed 
tissue appear as small, firm, white or bluish white, sharply cireum- 
scribed nodes in the spongiosa. They ion in size from that of a pin- 
head to over | cm. in diameter. They occur in close proximity to the 
disc but may appear to have no connection with that structure. How- 
ever, if serial sections are studied, a communication is always found 
Seen in three dimensions, the prolapsed tissue appears as a small mul- 
berry-like mass connected by a narrow or broad pedicle through a gap 
in the cartilage plate with the nucleus of the intervertebral disc. 

In young individuals, prolapses of dise tissue occur typically in a 
whole series of vertebrwe. They are of a bluish-white color, firm and 
quite different in appearance from the remainder of the disc. This is 
due to the formation of cartilaginous tissue which occurs as a reactive 
process. Cartilage formation begins at the margin of the prolapsed 
tissue and gradually extends inward. The name “ 
given to these structures before their exact nature was known and 
for this reason they are referred to in many places as “cartilage nodes” 
or, more recently, as ‘‘Schmorl’s nodes.” 

In the course of time, new bone is formed as part of the reaction and 
the prolapsed disc tissue becomes surrounded by a layer of compact 
bone. Prolapses of long standing may always be recognized by the 
presence of this shell of compact bone about the node, and it is this bon) 
shell alone which renders the node recognizable in Roentgen ray 
examination." This layer of new bone tends to prevent the further 
extension of the prolapse. The reactive or reparative processes de- 
scribed occur most readily and reach their highest development about 
nodes of prolapsed dise tissue in the spines of young individuals. 

In middle aged and elderly persons in whom the turgor of the inter- 
vertebral discs is diminished, breaks in the cartilate plates still permit 
the escape of dise tissue which is gradually pressed out into the spongiosa 
by the pressure of the weight of the body, muscle tone and functional 
activity. Isolated dises in the spinal column are usually involved, 
rather than a whole series as in young people. The breaks in the 
cartilage plates which permit the prolapse of dise tissue are usually the 
result of senile degenerative changes in the cartilage. Large segments 
of the cartilage plate on one or both sides of the dise may have dis- 
appeared leaving only small fragments of cartilage which may be con- 
siderably displaced into the spongiosa. These fragments of cartilage 
thus form an irregular and interrupted boundary between the vertebral 
body and the intervertebral disc. Under these conditions, due to the 
fact that degeneration of the cartilage takes place rather slowly and 
that the nucleus pulposus has already lost most of its turgor, the 
prolapses of disc tissue, though extensive, do not penetrate deeply into 
the spongiosa. An examination of such prolapses gives one the im- 
pression of soft dough being forced through a sieve. 

The usual sequel to the development of these prolapses in middle life 
and old age is not the stimulation of new cartilage and bone formation 
but vascularization and eventual cicatrization both of the prolapsed 
tissue and the adjoining intervertebral disc. Blood vessels grow in 
from the spongiosa and gradually destroy the prolapsed tissue. At the 
same time, newly formed blood vessels penetrate the intervertelral 
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dise, forming a rich plexus and converting large parts of the disc into 
granulation tissue. This tissue, in the course of time, is converted into 
tough sear tissue. Such areas are commonly found in the examination 
of the spinal columns of elderly persons. When the affected inter- 
vertebral dise is cut across, areas of granulation tissue may be found 
appearing as dark red, soft, spongy masses lying in the substance of the 
dise tissue usually in the region of the nucleus. In a dise in which this 
process has advanced to the formation of scar tissue, much of the disc 
is found to be replaced by large patches of tough greyish-white sunken 
tissue. The final outcome of this process may be solid fibrous union 
between two adjacent vertebra with marked narrowing of the inter- 
vertebral space so that little if any movement is possible. In some 
instances bony trabecule grow from the spongiosa into the dise follow- 
ing the advance of the blood vessels and connective tissue. In this 
manner part or all of the disc may become ossified with the final de- 
velopment of bony union between the vertebral bodies. Ossification 
of the anterior part of the intervertebral dise occurs characteristically 
in association with senile kyphosis, while ossification in all parts of the 
dise occurs to a marked degree in Bechterew’s type of spondylitis. 
Both of these conditions will be described in detail presently. 

In a statistical study of prolapses of disc tissue into the spongiosa, 
Schmorl found that they occurred in 38% of a group including all 
ages. Under the age of 60 the ratio between men and women was about 
2 to 1, but above the age of 60 this ratio was reversed. He explained 
the higher incidence in men under 60 as the result of the heavier work 
performed by them during the active period of life. The reversal of the 
ratio after the age of 60 he accounted for by the fact that women con- 
tinue to be physically active, since they bear the burden of house work, 
long after men have retired from active labor. 

PosTERIOR DispLACEMENT OF Disc Tissue. The clinical importance 
of posterior displacements of intervertebral disc tissue is reflected in the 
large number of papers on this subject which have appeared in the past 
few years. Early reports by Stookey,“ Dandy," Bucy!’ and Elsberg"’ 
described these lesions as chondromata or small cartilage growths 
arising from the posterior surface of the vertebral bodies and causing 
compression of the spinal cord. However, it remained for Schmor! 
and his pupils to elucidate.the true nature of the lesions. The so- 
called chondromata are, in fact, posterior prolapses of nuclear tissue 
of the intervertebral dise protruding into the spinal canal. In recent 
years numerous papers on this subject have appeared in the litera- 
6.26.27, 31-36.47 Phe syndrome resulting from pressure of the 
displaced tissue on the spinal cord and on the nerve roots has been 
elucidated and the relationship of the lesion to certain types of sciatic 
pain has been pointed out. However, these publications have dealt 
chiefly with clinical problems and they have added nothing of funda- 
ental importance concerning the pathology of the condition. 

Andrae' made a thorough pathological study of these posterior dis- 
placements of intervertebral disc tissue. He was able to find them in 
% of spinal columns examined routinely at autopsy. This seems an 
extraordinarily high incidence, but it must be borne in mind that it is 
relatively rare for the prolapse to attain sufficient size to cause com- 
pression of the spinal cord. Moreover, the most frequent site of these 
lesions is in the lower thoracic and upper lumbar regions where the 


1- 
i+) 


d 
‘ 
al 
al 
e | 
il 
it 
id 
to 
li- 
fe 
in 
he 
‘al 


430 PROGRESS OF MEDICAL SCIENCE 


spinal canal is considerably larger than the part of the spinal cord which 
it must accommodate. These posterior displacements of dise tissue 
occur chiefly in the later years of life and are rarely found before the 
age of 30, since they have their origin in the degeneration of the annulus 
of the intervertebral disc which accompanies advancing years. In 
many cases in which the displacement of dise tissue has caused symp- 
toms, there is a history of trauma.**? 

Posterior extrusions of intervertebral disc tissue may be exposed to 
view by sawing through the pedicles of the vertebral arches so as to lay 
open the spinal canal. After removal of the spinal cord, the nodules 
of displaced tissue may be seen on the posterior aspect of the inter- 
vertebral discs or vertebral bodies. They are usually situated at or 
near the level of an intervertebral disc, but occasionally they apparently) 
arise at some distance from a disc. They appear as bluish-white, firm 
nodules, varying in size from that of a small wheat grain to that of a 
bean, shining through the posterior longitudinal ligament by which 
they are covered. 

The intervertebral disc from which the extruded tissue originates 
usually shows some degree of degeneration. The posterior part of the 
annulus always shows degenerative changes and, if serial sections are 
cut, fissures or tears can be found in it, through which the tissue of the 
nucleus pulposus gains its exit. The break in the annulus is frequent}, 
very small and difficult to locate. The extruded tissue appears under 
the posterior longitudinal ligament or occasionally among its fibres 
It may burrow between the ligament and the posterior surface of the 
vertebral bedy for some distance before it forms a nodule and this 
explains the situation of those nodules which appear at some distance 
from the intervertebral disc. Microscopically, the displaced tissue has 
an appearance characteristic of the nucleus pulposus but there is a rich 
admixture of cartilage cells. 

These posterior displacements of disc tissue rarely give rise to lipping 
of the vertebra or to the formation of osteophytes. This is probably 
due to the fact that the posterior longitudinal ligament is but weak|) 
attached to the vertebral bodies so that no great degree of tugging or 
irritation of the periosteum is occasioned by the presence of the extruded 
tissue. 

Severe trauma may cause sudden and extreme posterior displace- 
ments of the intervertebral disc. In such cases the posterior part of 
the dise is torn and, while the cartilage plates remain intact, the greater 
part of the disc is extruded into the spinal canal. Great compression 
of the spinal cord usually results unless the displacement occurs in the 
lower lumbar region. 

ANTERIOR AND LATERAL DISPLACEMENT OF Disc Tissue. Frank 
and readily recognized anterior or lateral displacements of inter- 
vertebral disc tissue are found rather infrequently. When they do 
occur they appear as firm nodular swellings of various sizes in the 
neighborhood of the intervertebral disc. More detailed reference to 
them will be made presently in the discussion of spondylosis deformans 

THe ROLE or Trauma. It is scarcely possible to over-emphasize 
the importance of trauma in the etiology of the various lesions of the 
intervertebral dises, if one is permitted to include under the term not 
only the sudden severe injuries, which cause obvious gross damage, 
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but also the slight shocks to which the spinal column is subjected in the 
course of normal physical activity. In the young, trauma of the latter 
kind may be responsible for rupture of the cartilage plates, if these be 
not of normal strength and thickness. This may be followed by a whole 
series of events, in which trauma plays a part, leading to marked spinal 
deformity. In middle and later life, enormous damage is done by hard 
physical work to the less resistant discs which in early life would have 
stood the strain readily. It is possible that the degenerative processes 
which accompany advancing years may themselves be the result of the 
incessant wear and tear of a life-time of functional activity. It is 
significant in this connection that the more severe spinal deformities of 
later life which are dependent on degenerative changes in the inter- 
vertebral discs are found predominantly among manual laborers and 
occur more frequently in men than in women.’ 

The more violent injuries which cause fractures of one or more verte- 
bral bodies must be put in another category. It is not within the 
province of this review to discuss the many and varied types of fractures 
of the spine and the possible resultant injuries to the intervertebral 
dises. 

INFECTIONS. Infectious spondylitis can be caused by a wide variety 
of organisms in addition to the tubercle bacillus. Such infections involve 
primarily the bony structures. Since the intervertebral disc after 
adolescence is normally lacking in blood vessels and has not been shown 
to contain any lymphatics, it is readily understood that the disc is 
rarely affected primarily by infections and, indeed, is only involved and 
destroyed after there has been considerable destruction of the adjacent 
bone.” 

Tumors. If one excepts the chordomas which occasionally arise in 
the occipital and sacral regions, primary tumors of intervertebral disc 
tissue are unknown. 

The Relation of Spinal Deformity to the Intervertebral Disc. lp 
to this point in this review no attempt has been made to discuss the 
effects of lesions of the intervertebral discs on the spinal column as a 
whole. The large and important group of scolioses can be excluded from 
such a discussion, since this type of deformity is not dependent on 
primary changes in the intervertebral dises. All types of scoliosis except 
those due to congenital malformations are caused by extrinsic factors and 
the intervertebral discs play no part in their etiology. But the discs 
may be secondarily affected, as Calvé and Galland" have pointed out. 
There is usually a lateral shifting of the nucleus pulposus to the side of 
the convexity of the curve. 

On the other hand, changes in the intervertebral discs which are be- 
lieved to be of fundamental etiological importance are found typically 
and constantly in association with various other simple deformities, 
notably the kyphosis of youth and age, and the group of senile degener- 
ative changes which constitute the condition known as spondylosis 
deformans or osteoarthritis of the spine. The clearest single entity is 
that of adolescent or juvenile kyphosis which may be separated quite 
readily from the remainder. 

ADOLESCENT Kypuosts. Adolescent or juvenile kyphosis is a gradu- 
ally developing, insidious type of kyphosis which appears chiefly in boys 
in the adolescent period of life. The kyphosis forms a sweeping curve 
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most commonly in the middle and lower thoracic regions. Radio- 
logically there is a characteristic wedging of the vertebral bodies and 
irregularity of outline of their ends. 

The condition was first described and isolated as a clinical entity by 
Scheuermann*®® in 1921. Since then many discussions of the disease 
have appeared in the literature with various explanations of the under- 
lving pathological condition. ° [Tt was generally thought at 
first that the disease is caused by a morbid process at the growth line 
between the vertebral epiphysis and the vertebral body, similar in 
character to the osteo-chondritis of Legg-Perthes’ disease,?“° but this 
view is controverted by the studies of Schmorl.“ Pathologic investi- 
gations of the disease are particularly difficult because the kyphosis in 
question is not dangerous to life and recourse must be had to post 
mortem examination of the few patients who chance to die in early life 
from intercurrent disease. In those who die later the original process is 
so overshadowed by subsequent changes that correct interpretation Is 
virtually impossible. Schmorl,*’ however, collected several cases and 
made a thorough investigation of the morbid anatomy of the disease. 
He reached the conclusion on the basis of these studies that a series of 
prolapses of dise tissue into the spongiosa was the underlying cause 
The reviewer had the opportunity of studying | case, that of a youth 
who died of typhoid fever 1 year after the onset of kyphosis, and he 
was able to substantiate Schmorl’s conclusion. 

When the spinal column from a case of adolescent kyphosis is exam- 
ined, the most striking pathological feature, apart from the kyphosis 
itself, is the presence of multiple prolapses of intervertebral dise tissue 
into the spongiosa of a whole series of vertebral bodies. These lesions 
usually reach their greatest severity at the apex of the abnormal 
curvature. The prolapses may occur at either surface of the disc, or 
frequently at both surfaces and there may be as many as two or three 
on each side. They occur typically in the region of the nucleus pulposus 
and have the typical appearance of prolapses occurring in youth as 
described in a preceding section of this review. Different areas of 
prolapse show varying degrees of repair. One of the most important 
features, which is seen microscopically, is the complete disappearance 
of the cartilage plate in the areas involved and its entirely normal 
appearance elsewhere. 

The basis for the formation of these multiple prolapses of dise tissue 
is the rupture of the cartilage plates in a whole series of intervertebral 
dises. The conditions and the sequence of events which lead to the 
occurrence of rupture of the cartilage plates are extremely difficult to 
determine. Schmorl*? has postulated a congenital weakness of the 
cartilage forming the plates. The fact that the spines of many adoles- 
cents show an expansion of the disc in the region of the nucleus wit! 
stretching and thinning of the cartilage plates lends some support to 
his theory. A congenitally weak plate of cartilage, thinned out b: 
stretching, might be ruptured by the added strain of increased muscular 
activity which normal cartilage plates could easily withstand. This 
idea is further supported by the typical clinical history, for as Scheuer- 
mann** pointed out, this type of kyphosis frequently has its inception 
shortly after the adolescent youth has taken up arduous manual labor. 
In Germany, the condition is frequently spoken of as “apprentice- 
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kyphosis”’ (Lehrlingskyphose). An alternative possibility is that an 
isolated severe trauma may cause the rupture of a series of weakened 
cartilage plates simultaneously. There is every reason to believe that 
this may occur without fracture of the vertebral bodies. 

The gradual development of kyphosis is the logical outcome of a 
series of events which follow the occurrence of rupture of the cartilage 
plates. There is a certain loss of disc substance, due to the formation of 
multiple prolapses, with consequent loss of turgor of the dises and nar- 
rowing of the intervertebral spaces. Since the small posterior joints 
of the spinal column act as a fulcrum at each intervertebral articulation, 
this narrowing is more pronounced anteriorly than posteriorly. It must 
be remembered that this process begins during a period of active growth 
when endochondral formation of bone is still progressing on the side of 
the cartilage plate applied to the vertebral body. Ruptures of the 
cartilage plates and the development of prolapses of disc tissue cause 
considerable disturbance in the process of ossification. This, combined 
with the increased pressure on the anterior portions of the vertebral 
bodies due to partial collapse of the dises, results in a cessation of growth 
of the vertebrie anteriorly and leads eventually to the formation of 
wedge-shaped vertebral bodies since growth continues at their posterior 
margins. If several vertebre are involved, this wedging of the vertebral 
bodies together with flattening of the intervertebral discs need not be 
great to produce a pronounced kyphosis. In agreement with Schmor!,*4 
the reviewer found the epiphyseal ring little involved in this process. 

The dense irregular line seen in Roentgen ray examination at the 
articular surfaces of the vertebral bodies is caused by the reactive for- 
mation of compact bone about the nodules of prolapsed disc tissue. 
After a state of equilibrium has been reached this compact bone may 
become rarefied and the shadows may almost disappear. 

SENILE Kypuosis. The characteristic feature of senile kyphosis is 
the curvature itself which is merely an exaggeration of the normal 
dorsal curve. In a pure case the greater part of the intervertebral 
dise is well preserved, the various forms of senile degeneration are pres- 
ent only to a minimal degree, and the cartilage plates are intact. There 
are, however, changes in the anterior portions of the discs and adjacent 
portions of the spongiosa which are most marked in the region of the 
greatest deformity. In the involved regions in advanced cases there is 
complete destruction of the anterior portions of the mtervertebral discs 
and the gap between adjacent vertebree is bridged by bony tissue. The 
remaining parts of the discs may appear quite normal. The anterior 
portions of the vertebral bodies adjacent to the bony bridges usually 
show a definite sclerosis, the bony trabecule being dense and more 
closely set.%.4l 

The development of this condition usually begins with the appearance 
of the small areas of degeneration which occur in the anterior portions of 
the dises as has been already described. This results in a narrowing 
of the dises anteriorly and, consequently, the anterior margins of the 
vertebral bodies more closely approach one another. With the decrease 
in the cushioning effect of the dises in this region and the abnormal 
mobility, there is a malarticulation of the adjacent surfaces of the an- 
terior parts of the vertebral bodies. This is followed by sclerosis and 
overgrowth of the bone which gradually increases in extent until the 
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anterior part of the intervertebral space has been completely bridged 
across. In advanced cases, the spine is completely ankylosed in the 
region of the kyphosis. 

Senile kyphosis differs from that of adolescence in that it appears in 
the upper or middle dorsal region. The youthful form is found much 
lower, in the middle or lower dorsal segments. In senile kyphosis, 
the shape of the vertebral bodies is modified so that they are higher 
posteriorly than anteriorly, but this change does not occur to nearly 
so marked a degree as in the adolescent form. In senile kyphosis the 
wedge formation cannot occur as a result of disturbance of growth. 
In this instance, therefore, it is necessary to postulate a decrease in 
height of the anterior portion of the vertebral bodies, occurring con- 
comitantly with the sclerosis and re-arrangement of bony trabecul. 
This wedging of the vertebre does not, however, play an important 
part in senile kyphosis; in many cases the anterior narrowing of the disc 
is sufficient to account for the deformity. 

SPONDYLOsIS DEFoRMANS. The whole series of senile degenerative 
lesions of the intervertebral discs described in a previous section of this 
review forms a continuous progression of events, the total of which may 
be considered as the fundamental lesion of spondylosis deformans or 
osteoarthritis of the vertebral column. Spondylosis deformans is, then, 
the typical senile disease of the spinal column and its origin may be 
traced to a generalized degeneration and dissolution of the intervertebral 
dises. It may occur just as early as degenerative changes are present 
in the dises to any considerable degree. In advanced cases of spondy- 
losis deformans there is almost always an associated kyphosis. This, 
however, is not to be regarded as an integral part of the disease but 
rather as a co-existent senile kyphosis. 

The presence of osteophytes or lipping of the vertebral margins is the 
most characteristic feature of spondylosis deformans. These structures 
take the form of jagged ledges or shelves protruding from the articular 
margins of the vertebral bodies and usually occurring in pairs, one on 
each of the adjacent vertebre. They occur most commonly on the 
antero-lateral aspect of the bodies of the vertebra just lateral to the 
anterior longitudinal ligament. They may be single or scattered but 
usually form a row. The most frequent situation of these osteophytes 
is the mid-thoracic region on the right side and in the lumbar region on 
the left. That is, they tend to occur in the concavities of the physio- 
logical scoliosis which is present to a slight degree in almost every spine. 
In right-handed individuals there is generally a slight physiological 
scoliosis with its convexity to the left in the mid-thoracic region, and 
osteophytes are formed on the right side of the column in that segment. 
Their distribution in the lumbar region is apt to be more irregular and 
they frequently occur on the anterior aspect of the lumbar vertebre. 
Shore® found that osteophytes occurred less frequently at the “ anti- 
clinical” points in the spine, that is, at those points through which a 
plumb-line would fall in the erect position. At these points the vertebra 
are supposed to be balanced with a minimum tendency to irregularity 
of movement. 

The oseophytes first appear as small bony outgrowths from the lateral 
surface of the vertebral body just below the outer margin of the epiphy- 
seal ring, at which point the ligaments surrounding the spine are strongly 
attached to the periosteum. Bony union between osteophytes from 
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adjacent vertebre is common, but is not the usual end result. More 
often they touch and interlock in a tooth-like manner leaving a small 
space filled with cartilage and degenerated disc substance between 
them. In this way they achieve at least a functional union. In the 
course of time they may grow to an enormous size, the paired projec- 
tions from adjacent vertebra forming large bony tumors chiefly on the 
lateral aspects of the spinal column. 

Schmorl*” has remarked that lipping of the vertebral bodies or the 
formation of osteophytes never occurs in the presence of normal inter- 
vertebral dises and this has been amply corroborated in the studies of 
the reviewer. The manner of formation of the osteophytes is probably 
somewhat as follows. The progressive senile degeneration of the inter- 
vertebral dise and especially its annulus, with consequent loss of turgor 
and cushioning effect of the disc, allows an abnormal mobility between 
the vertebral surfaces; and during the movements of ordinary activity, 
the dise tends to bulge slightly at the periphery, pushing outward against 
the ligamentous structures surrounding the spine. This in turn exerts 
a tug or pull on the periosteum which is intimately attached to the inner 
surface of the ligaments just below the epiphyseal ring. The repeated 
small tugs cause irritation of the periosteum which results in a gradual 
overgrowth of bone at the margin of the vertebral bodies. Moreover, 
the degenerative processes affecting the annulus fibrosus, which may 
manifest themselves in such a degree as to allow the formation of con- 
centric or radiating tears or may terminate in dissolution of the annulus, 
eventually may permit an escape or prolapse of disc tissue which insin- 
uates itself beneath the surrounding ligaments and augments the out- 
ward pressure upon them. In the degenerated condition of the inter- 
vertebral disc, the nucleus pulposus retains little or none of its original 
turgor, so that the active extruding force is furnished chiefly by muscle 
tone and the weight of the body borne by the vertebrae. Since the 
anterior longitudinal ligament is stout and strong, it tends to resist the 
outward pressure and, consequently, osteophytes do not commonly 
appear beneath it but tend to form just lateral to it where the liga- 
mentous investments are much thinner. 

Movement is apparently necessary to the development of osteo- 
phytes and when bony union of vertebre occurs they may actually 
regress. If there is an associated senile kyphosis with bony union of 
several vertebra, osteophytes are frequently absent in that particular 
segment. It should also be mentioned that osteophytes may not be 
prominent even in the presence of marked degeneration of the inter- 
vertebral discs, while in other cases in which degenerative changes are 
only minimal osteophytes may be well developed. Movement and the 
stresses and strains to which the joint is subjected apparently play a 
major réle. 

SENILE OsTEopoROsIs. In contradistinction to other types of spinal 
deformity, that caused by senile osteoporosis is occasioned by changes 
in the spongiosa of the vertebral bodies; the whole disc system may be 
well preserved in spite of advanced age. Such osteoporosis probably 
occurs as a part of the phenomenon of senile atrophy in general, but 
diminished functional activity probably contributes to this atrophy. 
Thus, senile osteoporosis may be in part an atrophy of disuse which 
perhaps accounts for the lack of degenerative changes in the inter- 
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vertebral discs. The discs, however, all show a marked degree of 
expansion and are lens-shaped, the bone appearing as though melted 
away by the pressure of the discs. Rupture of the cartilage plates is 
frequent with the formation of prolapses of disc tissue in the adjacent 
spongiosa of the vertebral bodies, but there is little or no reaction about 
these prolapses. There may be in addition a degree of collapse of the 
rarefied spongiosa of the vertebral bodies, especially in their anterior 
portions. The vertebral bodies thus become narrower anteriorly than 
posteriorly, as well as showing an abnormal concavity of their articular 
surfaces due to the expansion of the intervertebral discs. The total 
result is the development of a kyphosis, usually most marked in the 
mid-dorsal region which may become extreme.’ 

BECHTEREW’S DISEASE OF THE SPINE. Bechterew’s disease, Marie- 
Strumpell’s spondylitis and spondylitis ankylopoietica are variations of 
the same type of spondylitis and need only be mentioned here in passing, 
since the intervertebral discs are only secondarily involved. The disease 
is in all probability the end stage of a rheumatoid type of arthritis 
nvolving the spine, and so may be infectious in origin." There is an 
extensive calcification of all the ligaments surrounding the spinal 
column but this occurs relatively late in the course of the disease and 
clinically there is immobility of the spine long before calcification of the 
ligaments can be demonstrated by Roentgen ray examination. The 
first changes are usually noticed in a narrowing of the joint spaces of 
the small intervertebral articulations. This is followed by complete 
but smooth ossification of all the ligaments, particularly the anterior 
longitudinal ligament, without the formation of osteophytes or bony 
protuberances. The spongiosa of the vertebral bodies undergoes a high 
degree of rarefaction, the intervertebral discs become ossified and con- 
verted into bone of the same consistency as the spongiosa and the whole 
spine is fused into a rigid bamboo-like column. Some degree of kyphosis 
is usually present. 

Summary. A brief account of the development and anatomy of the 
vertebral column is presented with special reference to the interverte- 
bral disc and the structures immediately surrounding it. This is fol- 
lowed by a consideration of the various types of pathological change 
which affect the intervertebral disc or its component parts. These 
changes form the pathological basis for the development of prolapses 
of disc tissue into the spongiosa of the vertebral bodies and for dis- 
placements of disc tissue in the posterior, anterior or lateral directions. 
Each of these is discussed in turn. Posterior extrusion of tissue of the 
intervertebral disc into the spinal canal is of particular importance be- 
cause of the possibility of compression of the spinal cord or nerve roots. 
Special emphasis is placed upon the réle of repeated minimal traumatic 
shocks in the etiology of the various lesions described. The review is 
concluded with a discussion of the effects of lesions of the intervertebral 
discs upon the spinal column as a whole with particular reference to the 
pathogenesis of adolescent kyphosis, senile kyphosis and spondylosis 
deformans, diseases in which primary lesions of the intervertebral discs 
constitute the underlying cause of the spinal deformity. 


W. L. Dononve, M.D. 
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INFECTION OF MAN WITH VIRUS OF EQUINE 
ENCEPHALOMYELITIS. 


A NEWLY recognized communicable disease of man is not altogether 
an event in these days of active investigation in the field of filtrable 
viruses. However, when human infections with the virus of equine 
encephalomyelitis were identified by Fothergill, Dingle, Farber and 
Connerly$ in the late summer of 1938, and promptly corroborated by 
Webster and Wright,*! the circumstance was of more than usual impor- 
tance. The known broad distribution of the disease among animals 
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and the high fatality suggested a significant relationship to public 
health and preventive medicine. Here was another disease of animals 
entering into human pathology and substantiating the statement of 
Meyer'” that as reservoirs of human disease the animal kingdom offers 
intriguing possibilities and surprises. The resulting complex epidemi- 
ologic problem that developed from these observations is not unex- 
pected, in view of the generally broader pathogenicity of viruses asso- 
ciated with animal diseases in comparison with those whose normal 
habitat is man. 

The agents producing inflammation of the brain include bacteria, 
protozoa, chemical agents such as lead, and the filtrable viruses. The 
infections of the brain produced by the latter group include clinical 
conditions known as Japanese B encephalitis,’ St. Louis encephalitis,”! 
Australian X disease,?* and now infection with the virus of equine 
encephalomyelitis. The viruses responsible for these four conditions 
are all pantropic. While they attack the central nervous system and 
destroy nerve cells, they also invade cells of other embryonic origin, 
and neurotropism is but one of several properties they possess. They 
are distinct from the group of strictly neurotropic viruses of which the 
agents of rabies, poliomyelitis and Borna disease are examples." The 
neurotropic viruses grow and multiply only in nerve tissues, and reach 
the central nervous system from peripheral sites by nerve trunks onl) 
There is no evidence of their multiplication in the blood or transport 
by the blood. In general, growth in tissue culture is accomplished 
with greater difficulty than is true of pantropic viruses with neurotropic 
properties. 

One other infectious encephalitis of man, the Vienna or Type A 
encephalitis first described by von'Economo,' is probably caused by a 
filtrable virus but this has never been proved. It differs from the 
four conditions in man that are known to be due to a virus, in that the 
seasonal prevalence is in winter and spring instead of late summer, and 
that Parkinsonism is a common sequela, a condition that is rarely 
associated with the other four diseases. The viruses of Japanese 
encephalitis and equine encephalomyelitis can be transmitted experi- 
mentally by mosquitoes. 

The Virus of Equine Encephalomyelitis.— A subacute form of equine 
encephalomyelitis of horses has been known for many years in Europe 
as Borna disease. The cause was established as a filtrable virus in 
1924.°° The first recognized American epizoétic of horses simulating 
this condition occurred in the San Joaquin Valley in California in 1930." 
There is no reason to believe that the disease was freshly introduced 
into the United States at this time, for similar conditions had been 
observed for a number of years and the Kansas-Nebraska horse plague 
of 1912 was probably the same disease. The identity of the infection 
was, however, determined by Meyer, Haring and Howitt!* when the) 
isolated a filtrable virus from the brains of 2 horses that had died 
from the disease. This virus was immunologically different from that 
associated with Borna disease and has come to be recognized as the 
western variety of the virus of equine encephalomyelitis. In 1933, an 
epidemic of horses occurred along the Atlantic seaboard, principally in 
the states of New Jersey and, Virginia. Ten Broeck and Merrill” 
identified the disease as equine encephalomyelitis and isolated the 
eastern type of virus, which in turn is biologically distinct from the 
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western type. Succeeding epidemics which have occurred east of the 
Appalachian Mountains have all been due to the eastern type of virus 
and those west of the Appalachian Mountains to the western type. 
The disease has been reported from a number of different countries in 
Europe and South America and, in all, five varieties of virus are known 
to be associated with the disease: the original Borna virus, the eastern 
and western types of American virus, and the agents associated with 
equine encephalomyelitis of Russia and Venezuela. 

That man as well as horses might be susceptible to the virus is not 
a new idea. Karl Meyer,'”* who knows both horses and men, suspected 
that the unusual encephalitis contracted by 3 men working with 
infected horses might be due to the virus of equine encephalomyelitis. 
Examination of the brain of a ranch hand who died of the disease 
showed pathologic lesions similar to those observed in horses. The 
clinical impression was not proved by isolation of the virus or by the 
test for neutralizing antibodies in the serum of the infected persons. 
In August, 1938, an epizoétic of considerable proportions occurred 
among horses in southeastern Massachusetts. In the same year 2 chil- 
dren died of a peculiar form of encephalitis and a local physician sug- 
gested that the disease was due to the same agent as that responsible 
for the prevailing epidemic among horses. From a child dying in the 
Children’s Hospital of Boston Fothergill and his associates* isolated a 
virus from the brain which was identified by cross-protection tests as 
the virus responsible for the eastern form of encephalomyelitis in horses. 
This observation was confirmed for the same case and for 4 others by 
Webster and Wright.*! 

During the same month of August, 1938, a 20-month-old child died 
in California. Howitt’ isolated the western type of virus from the 
brain. It was thus established that both known American varieties of 
the virus could cause infection of man. Furthermore, the blood of 
several persons in California who had recovered from encephalomyelitis 
was shown to contain neutralizing antibodies for the western virus. 

Encephalitis of horses had been prevalent in Minnesota during the 
summer of 1937. During the late summer 6 cases of human encephali- 
tis occurred in a southwestern county of the state. Five of the patients 
had had contact with sick horses and all lived on farms in a region 
where the disease was prevalent. Two of the patients died after ill- 
nesses of 4 and 5 days’ duration. The blood of another patient exam- 
ined 4 months after recovery contained neutralizing antibodies.’ Cases 
of human infection have thus been substantiated in the East, the West 
and the Middlewest. These were all naturally acquired infections. 

Fothergill, Holden and Wyckoff® have recently reported the fatal 
infection of a laboratory worker engaged in experiments with the west- 
ern type of virus. An accidental wound infection was suspected but 
could not be proved. 

The Clinical Disease in Man.—The clinical manifestations of infec- 
tion in man with equine encephalomyelitis virus differ from those of 
the epidemic encephalitis of von‘Economo in the greater severity of 
ymptoms and the high fatality.“ In infants the onset is sudden, but 
in older children and adults several days of indisposition may precede 
active signs of encephalitis. In 2 instances the period of invasion was 
characterized by a remission of symptoms for a day. The first com- 
plaint of older persons is commonly of frontal headache and dizziness. 
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The actual symptoms of encephalitis are almost invariably abrupt and 
characterized by fever, irritability, drowsiness, cyanosis and convul- 
sions. Patients are usually in a semi-comatose or comatose condition 
when admitted to hospital. 

The course of the disease is characterized by continued tremors or 
muscular twitchings; rigidity of the neck is constant; and a tense 
anterior fontanelle is noted in infants, who likewise develop a peculiar 
edema about the eyes and in the upper extremities. A marked cyanosis 
is regular, as is deep coma. The fever is invariably high, from 102 
to 104° F., with hyperpyrexia common in fatal cases. When recovery 
occurs, the fever drops by lysis over 4 or 5 days. 

Surviving the acute stage, patients experience coma and more or less 
rigidity of the muscles for many days. Slow improvement with appar- 
ent return to normal is sometimes the end result, but paralyses, mental 
changes and other permanent residua are common. The fatality rate 
is high, about 60% in the Massachusetts experience. Death is com- 
monly due to encephalitis, with terminal evidence of myocardial 
or pulmonary symptoms contributing little as actual 

‘auses of death. 

Clinical recognition of the disease depends upon the occurrence of 
a peculiar type of human encephalitis in association with a recognized 
epidemic among horses, on the clinical course of the disease and on 
laboratory examination of the cerebrospinal fluid. The virus has been 
isolated from the blood of infected horses but is known to be present 
for an extremely short time. It has not been isolated from the blood 
of humans. The blood serum, however, contains neutralizing anti- 
bodies at death and they tend to appear early and promptly, within 
6 to 8 days. In continuing illnesses Fothergill has suggested this 
test as an aid in diagnosis. The cerebrospinal fluid is under increased 
pressure and may contain from 200 to 2000 cells of which 60 to 90% are 
neutrophils. The blood shows a well-marked response of neutrophilic 
cells. 

The pathologic changes associated with the disease in man are 
described by Wesselhoeft, Smith and Branch® as consisting of a pro- 
found, acute, disseminate and focal encephalomyelitis characterized by 
intense vascular engorgement, perivascular and parenchymatous cellu- 
lar infiltration and extreme degenerative changes in the nerve cells. 
The gross pathologic manifestations are not specific. In the severe 
cases the microscopic reaction can readily be distinguished from any 
of the common types of encephalitis. 

Epidemiology.— Infection with the virus of equine encephalomyelitis 
was first recognized as a disease of horses, but there is some doubt 
whether it is primarily a disease of these animals. Certainly it is wide- 
spread among horses and mules and its economic importance has been 
recognized for several years. An idea of the frequency of encephalitis 
among horses is obtained from the reports of the United States Depart- 
ment of Agriculture'® and from the data of Shahan, Giltner and Schoen- 
ing. Since reporting of human disease is far from complete, the avail- 
able information for diseases of animals is probably still less reliable. 
At any rate, somewhat more thn 23,000 horses are known to have con- 
tracted the disease in the United States in 1935; in 1936, some 4000; 
in 1937, 170,000; and in 1938, about 184,000. It was reported from 
39 states in 1938. Whether infected with the eastern or western variety 
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of the virus, the symptoms presented by horses are much the same. 
The differences in case fatality are rather distinct, as judged by the 
results for 1938, when the rate for horses infected with the western 
variety was about 25% and with the eastern virus in excess of 95%. 
The severity of the western disease varies considerably from year to 
year and sometimes the fatality is as great as 50%. In general, it 
remains much less fatal than the eastern disease. The seasonal preva- 
lence is rather sharply limited to summer and early autumn. The dis- 
tribution of cases in infected areas is always scattered, and there is no 
evidence of contact infection. 

The wide geographic distribution of the disease in humans is shown 
by the proved cases that have occurred in Massachusetts, Minnesota 
and California. The only known epidemic of human infection is that 
reported by Feemster’ in southeastern Massachusetts during the sum- 
mer of 1938. Epidemics among horses had occurred for a number of 
years in mid-Atlantic coastal states but previously had not been recog- 
nized in New England. The Massachusetts outbreak among horses 
began about the middle of July in areas near the Atlantic coast. The 
peak of the outbreak was reached during the week ending August 27, 
and thereafter rapidly declined. In all, some 250 horses were reported 
as infected and more than 90% died. The outbreak was established 
as equine encephalitis by isolation from the brains of 6 horses of a 
virus which corresponded to the eastern type described by Ten Broeck 
and Merrill.2* The prevalence of mosquitoes that summer had been 
unusually great. The first human cases likewise occurred in August. 
The epidemic curve for human cases paralleled that of the horse epi- 
demic. Total cases reported for humans numbered about 40. The 
exact number remains indefinite because of inadequacies in information 
about some few of the 45 suspected cases that were reported during 
the outbreak. The clinical diagnosis was confirmed for 21, either by 
isolation of the virus or by demonstration of neutralizing antibodies. 
A significant observation was the fact that few of the people who devel- 
oped the disease had had any contact with horses, and there were no 
multiple cases in families. A good two-thirds of the cases involved 
infants and young children less than 10 years of age. The oldest 
patient was aged 55. The distribution among the sexes was even. 
The fatality rate in the Massachusetts outbreak was about 60%. 
Should an epidemic due to the western virus occur among humans it 
would be expected, on the basis of experience with the disease in horses, 
that the attack rate would be greater and the fatality less. 

Much evidence exists that this infection is not limited to horses and 
to man. In 1933 Giltner and Shahan'® produced the disease experi- 
mentally in pigeons and at that time suggested that birds might have 
a part in the transmission of the disease in Nature. Subsequently 
Remlinger and Bailly** showed that a wide variety of birds were sus- 
ceptible to the virus, as well as the several laboratory animals that 
had been used in the study of the virus since it was originally isolated. 
In September, 1938, numerous pheasants and other wild birds were 
found dead or in a helpless paralytic condition in certain rural sections 
of Connecticut. Four moribund ring-necked pheasants were exam- 
ined by Tyzzer, Sellards and Bennett*® and found infected with the 
eastern variety of equine encephalomyelitis virus. Later they demon- 
strated that quail and domestic fowl could be infected with the virus 
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isolated from pheasants. With the demonstration of infection among 
birds in Nature the original observations on susceptibility took on new 
significance. Migratory birds clearly were implicated in the epidemiol- 
ogy of the disease. 

Whatever may be the primary animal reservoir of the disease, the 
epidemiologic characteristics of the disease suggest the activity of some 
insect in transmission from host to host. Kelser'® in 1933 had allowed 
the tropical Aédes egypti to feed on guinea-pigs infected with encephalo- 
myelitis virus. Six to 8 days later they were transferred to normal 
guinea-pigs and these animals died of the typical disease. This proved 
that the virus could be transmitted by mosquitoes, but greater epi- 
demiologic significance was given the fact when Merrill, Lacaillade and 
Ten Broeck" succeeded in transmitting the virus by the native mosqui- 
toes of the area where equine encephalomyelitis had occurred among 
horses. They also showed that the cases among horses corresponded 
in distribution with the range of the mosquitoes. It was thus apparent 
that mosquitoes must be given important consideration as vectors. 
Subsequently, encephalomyelitis virus has been transmitted to labora- 
tory animals by at least 6 species. However, the presence of the virus 
in the blood of horses is distinctly transitory and if the disease is trans- 
mitted by mosquitoes it is almost essential to postulate some other 
animal reservoir. 

The studies of Syverton and Berry”’ have shown that another insect, 
the tick Dermacentor andersoni, can transmit the western type of 
virus and likewise pass it on to succeeding generations of insects through 
the ova. 

The well-marked susceptibility of mice to nasal instillation of the 
virus suggests that small rodents may be concerned in the natural 
transmission of the disease, and Syverton and Berry”’ have shown that 
at least one wild rodent, the gopher Citellus richardsonii (Sabine), can 
be infected by instilling the virus into the nose. 

The evidence presented suggests that direct contact infection plays 
no part in the natural transmission of the disease to man or to the horse. 
Multiple cases on the same farm are rarely observed in epizoétics among 
horses. More than one human infection has never been observed in 
the same family. The natural reservoir of the virus is not known. It 
rather definitely is not man. No chronic cases have been observed 
and no human carriers have been found. Furthermore, the virus is 
present in the blood a very short time. It would seem just as certain 
that the horse is not the natural source of the virus. The high fatality 
among horses of itself is against survival of the virus in that species. 
Much the same epidemiologic considerations apply for the horse as for 
man. The probable source is more likely some animal species where 
the virus has more general distribution than in man or in horse and 
where the natural susceptibility is of an order that produces a more 
balanced equilibrium of infection and resistance, with a resultant wide- 
spread incidence and low fatality. The demonstration of the virus 
among birds in Nature has great importance. The rapid development 
of epidemics among horses is compatible with the conception of birds 
as a reservoir. ‘Tyzzer, Sellards and Bennett*® believe that the term 
equine encephalomyelitis is misleading and that the disease is actually 
a primary infection of birds; and that under accidental circumstances 
or when infection in Nature attains a certain level that transmission 
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to horse and to man is possible, both being accidental and secondary 
hosts. Small, wild rodents demand consideration. Whatever the 
actual reservoir of infection, insect transmission is strongly suggested 
by the scattered distribution in epidemics of both horse and man, and 
by the striking seasonal distribution. Experimentally, transmission of 
equine encephalomyelitis virus is possible by ticks and by a number of 
mosquitoes. Evidence is still lacking that this occurs in Nature. The 
mechanism by which infection is carried over from season to season is 
also unknown. Migratory birds, infection in rodents, and hibernating 
ticks offer possibilities. 

Prevention and Control. No sound program for prevention and con- 
trol is possible with the knowledge available. Effort should be directed 
toward limiting the disease in horses and mules. At least this is one 
known reservoir, but not too important if mosquitoes are the active 
vectors, because of the short time the virus is in the blood. A practical 
method of control is available in active vaccination. An attenuated 
active virus was first used for the immunization of horses'*:*?° in 1934. 
That method is not wholly satisfactory if transmission of the disease is 
by insects because of the circulation of active virus in the blood of 
inoculated animals. An advance was made when Shahan and Giltner® 
produced active immunity in horses by injections of infected brain inac- 
tivated by treatment with formalin. Their satisfactory results were 
confirmed by Cox and Olitsky* and the preparation became rather 
widely used. The improved vaccine now used has infected embryonic 
chick tissue as the source of virus for the vaccine. The development of 
this biologic product is based on well-controlled experiments.'" As a 
method of vaccinating horses and mules it has proved more effective 
than vaccines made from brain emulsion. Most of the widespread vac- 
cination of horses during the 1938 epidemic was by this method. The 
duration of the immunity produced remains undetermined. 

Individual measures for the protection of man are best directed 
toward the presumed insect vector of the disease. The screening of 
houses in infected areas is advisable and children should not be per- 
mitted out of doors after sun-down, a lesson learned from the epi- 
demiology of the disease in horses where night pasturing has been found 
of particular danger, presumably because of the activities of mosquitoes 
then. Vaccination of man is not advised except under particular cir- 
cumstances associated with occupation. Vaccination on a large scale 
would never be indicated because of the low incidence in man. Isola- 
tion and quarantine have no place in the control of the human disease. 
Much can be accomplished by the attitude of physicians toward unusual 
cases of suspected poliomyelitis or encephalitis, occurring during the 
months of seasonal prevalence of equine encephalomyelitis, and particu- 
larly if the disease is currently epidemic among horses. 

The public health problem that has developed from these observa- 
tions is of more importance than indicated by the few sporadic cases 
and the one small outbreak that have been reported in man. The virus 
is known to be distributed throughout a goodly part of this country. 
With adequate observation the extent and number of reported cases in 
man will probably be much increased. Meanwhile, studies in relation 
to a possible insect vector and the principal reservoir of infection are 
under way. 

J. E. Gorpon, M.D. 


444 PROGRESS OF MEDICAL SCIENCE 


REFERENCES. 


(1.) Beard, J. W., Finkelstein, H., Sealy, W. C., and Wyckoff, R. W. G.: Science, 
87, 490, 1938. (2.) Cleland, J. B., and Bradley, B.: Med. J. Australia, 4, 499, 1917. 
(3.) Cleland, J. B., and Campbell, A. W.: J. Hygiene, 18, 272, 1919-20. (4.) Cox, 
H. R., and Olitsky, P. K.: J. Exp. Med., 63, 745, 1936. (5.) Ecklund, C. M., and 
Blumstein, A.: J. Am. Med. Assn., 111, 1734, 1938. (6.) von Economo, C.: Wien. 
klin. Wehnschr., 30, 581, 1917. (7.) Feemster, R. F.: Am. J. Pub. Health, 28, 1403, 
1938. (8.) Fothergill, L. D., Dingle, J. H., Farber, S., and Connerley, M. L.: New 
England J. Med., 219, 411, 1938. (9.) Fothergill, L. D., Holden, M., and Wyckoff, 
R. W. G.: J. Am. Med. Assn., 113, 206, 1939. (10.) Giltner, L. T., and Shahan, 
M. §8.: Science, 78, 63, 1933. (11.) Higbie, E., and Howitt, B. F.: J. Bact., 29, 399, 
1935. (12.) Howitt, B. F.: (a) J. Inf. Dis., 54, 368, 1934; (b) Science, 88, 455, 1938. 
(13.) Hurst, E. W.: Brain, Pt. 1, 59, 1, 1936. (14.) Kaneko, R.: Japan Med. 
World, 5, 237, 1925. (15.) Kelser, R. R.: J. Am. Vet. Med. Assn., 82, 767, 1933. 
(16.) Merrill, M. H., Lacaillade, C. W., Jr., and Ten Broeck, C.: Science, 80, 251, 
1934. (17.) Meyer, K. F.: (a) Ann. Int. Med., 6, 645, 1932; (6) Ibid., 8, 552, 1934 
(18.) Meyer, K. F., Haring, C. M., and Howitt, B.: Science, 74, 227, 1931. (19.) 
Mohler, J. R.: U. S. Dept. of Agr., Bureau of Animal Ind., January, 1938. (20.) 
Moussu, R., and Marchand, L.: Rev. de méd. vet., 100, 5, 1924. (21.) Muckenfuss, 
R. S., Armstrong, C., and Webster, L. T.: J. Am. Med. Assn., 103, 731, 1934. (22.) 
The Public Health Significance of the Virus and Rickettsial Diseases, Cambridge, 
Harvard University Press, 1939 (in press). (23.) Records, E., and Vawter, L. R.: 
J. Am. Vet. Med. Assn., 84, 784, 1934. (24.) Remlinger, P., and Bailly, J.: Compt 
rend. Soc. de biol., 121, 429, 1936. (25.) Shahan, M. S., and Giltner, L. T.: J. Am 
Vet. Med. Assn., 84, 928, 1934. (26.) Shahan, M. S., Giltner, L. T., and Schoening, 
H. W.: Proc. 42nd Annual Meeting, U. S. Live Stock Sanitary Assn., December, 
1938. (27.) Syverton, J. T., and Berry, G. P.: J. Bact., 33, 60, 1937. (28.) Ten 
Broeck, C., and Merrill, M. H.: Proc. Soc. Exp. Biol. and Med., 31, 217, 1933. 
(29.) Traub, E., and Ten Broeck, C.: Science, 81, 572, 1935. (30.) Tyzzer, E. E., 
Sellards, A. W., and Bennett, B. L.: Ibid., p. 505. (31.) Webster, L. T., and Wright, 
F. H.: Ibid., p. 305. (32.) Wesselhoeft, C., Smith, E. C., and Branch, C. F.: J. Am 
Med. Assn., 111, 1735, 1938. 


Notice to Contributors. Manuscripts intended for publication in the AMERICAN 
JOURNAL OF THE MEDICAL ScIENCES, and correspondence, should be sent to the 
Editor, Dr. Epwarp B. KruMBHAAR, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the AMERICAN JOURNAL OF THE MEDICAL 
ScrENCES exclusively. 

All manuscripts should be typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author's chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbers. For identification they should also have the author’s name 
written on the margin. The recommendations of the American Medical Association 
Style Book should be followed. It is important that references should be numbered 
and at the end of the articles, arranged alphabetically according to the name of the 
first author and should be complete, that is, author’s name, journal, volume, page 
and year (in Arabic numbers). 

Return postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 

Two hundred and fifty reprints, with covers, are furnished gratis; additional 
reprints may be had in multiples of 250 at the expense of the author. They should 
be asked for when the galley proofs are returned. 

Contributions in a foreign language, if found desirable for the JouRNAL, will be 
translated at its expense. 


ATS 


